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PREFACE 


NE of the first conclusions of the Water Pollution Research Board, which was appointed 
in June, 1927, was that further information was urgently required on the effects on 
rivers of various polluting discharges. It was known that rivers which have received 

polluting liquids are capable of self-purification under certain conditions, but there was a 
lack of exact knowledge regarding those conditions and the quantities of various effluents 
which can be allowed to enter a river without causing serious pollution and unduly retarding 
the processes of self-purification. The Board accordingly recommended that a compre- 


hensive scientific survey of a river flowing partly through an industrial area should be 
undertaken. 


The River Tees was selected as it possessed the main characteristics desirable in a pioneer 
investigation of this kind and preliminary enquiries had indicated that local interests would 
be willing to assist in providing facilities. In the first place a River Tees Survey Committee 
of the Board was appointed to draw up a detailed programme of investigation and to supervise 
the work. On the recommendation of the Board the Department also set up a River Tees 
Survey Consultative Committee representative of the various local interests, to ensure 
effective consultation with those who had offered their co-operation. 


The work of the survey, which occupied about four years, 1929-33, was divided into two 
main sections, covering the tidal and non-tidal reaches respectively, and the work on the tidal 
reach was sub-divided into two sections, the one to secure hydrographical data and the other to 
obtain chemical and biological information. Tor the hydrographical measurements a hydro- 
graphic surveyor was appointed and the work was carried out in close co-operation with 
Vice-Admiral Sir H. Percy Douglas, K.C.B., C.M.G., a member of the Survey Committee, who 
was then Hydrographer of the Navy. The results of the hydrographical part of the survey 
have been published as Water Pollution Research Technical Paper No. 2. The chemical and 
biological survey of the estuary or tidal reach, described in Water Pollution Research Technical 
Paper No. 5, was carried out for the Department by the Marine Biological Association of the 
United Kingdom under the direction of Dr. E. J. Allen, C.B.E., D.Sc., F.R.S. For this part 
of the work a laboratory was equipped at the Cleveland Shipyard, Middlesbrough, where . 
accommodation was obtained through the kindness of the late the Hon. Sir Charles A. Parsons 
and The Parsons Marine Steam Turbine Company, Ltd. 


For the chemical and biological survey of the non-tidal reaches described in this report, 
which completes the series, a laboratory was equipped at Barnard Castle. A travelling 
laboratory in the form of a motor caravan was used for those observations and tests which 
had to be made on the spot and without delay. This survey of the non-tidal reaches was 
undertaken for the Department by the Ministry of Agriculture and Fisheries and the staff 
engaged on the work was under the direction of Dr. E. S. Russell, O.B.E., Director of Fishery 
Investigations of the Ministry. 


Dr. R. W. Butcher was responsible for the botanical work and for the local administrative 
work, Dr. J. Longwell for the chemical work, Mr. F. T. K. Pentelow for the zoological work, 
and Mr. A. W. Russell, B.A., B.Sc., for the bacteriological examinations of samples of water. 
Mr. E. W. Mitchell assisted, particularly in the collection and chemical examination of samples. 
Dr. J. Longwell and Mr. A. W. Russell were transferred for the survey from the staff of the 
Government Chemist’s Department. Throughout the survey close co-operation was main- 
tained between the staff at Barnard Castle and the staff engaged on the survey of the tidal 


_reach. This report was drafted by Dr. R. W. Butcher, Dr. J. Longwell and Mr. F. T. K. 
Pentelow. 


Special reference must be made to the valuable advice and guidance received from the 
late Professor G. C. Bourne, D.Sc., F.RS., who was a member of the Water Pollution Research 
Board and Chairman of the River Tees Survey Committee until his death in March, 1933, 


x 15819 ; ie 


vi 


and from the late Mr. J. H. Amos, who was Chairman of the River Tees Survey Consultative 
Committee. 


In addition to the acknowledgments already made, the Department wishes to express 
appreciation of the valuable assistance rendered by the various local authorities, the Tees 
Fishery Board, the Tees Valley Water Board, other organisations and industrial undertakings 
and their officers, and by numerous individuals in the Tees area. Local authorities supplied 
data relating to sewers and the quantities of sewage and sewage effluent discharged and 
provided facilities for the collection of samples. Industrial undertakings supplied information 
regarding their industrial effluents and landowners and farmers allowed access through their 
estates to the river. Many individuals supplied fish caught in the river for the work on the 
food of fish and assisted in other ways, for example in obtaining photographs. 


In the identification of the animals of the river valuable advice and assistance was received 
from Dr. K. G. Blair and Dr. F. W. Edwards of the Department of Entomology of the British 
Museum (Natural History) and from Dr. H. Bertrand, Mr. J. M. Brown, Mr. W. D. Hincks, 
Mr. M. E. Mosely and Mr. H. Whitehead. The Department also wishes to acknowledge the 
assistance of the Meteorological Office of the Air Ministry in furnishing data of the rainfall in 
the watershed of the Tees throughout the period of the survey and in preparing the section on 
Rainfall in Chapter I. 


H...T. CALVERT, 
Director of Water Pollution Research. 


DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH, 
16 Old Queen Street, 
Westminster, 5.W.1. 
April, 1937. 
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OF SURVEY STATIONS. 


SURVEY OF THE RIVER TEES 


Part Ill :—The Non-Tidal Reaches—Chemical 
and Biological 


CHAPTER I 


THE WATERSHED OF THE RIVER TEES 


\HE River Tees is situated in the north of England and for the greater part 
of its length forms the boundary, west to east, of the counties of Yorkshire 
and Durham. It rises on the eastern slopes of Cross Fell, one of the northern 

peaks of the Pennines, within a few miles of the sources of two other important 

rivers, the South Tyne and the Wear. Thence it flows in a south-easterly direction 
through hilly country until it passes Middleton-in-Teesdale, which is about 22 miles 

by river from the source and is the first place of any size. Flowing thence in a 

more southerly direction through a narrow gorge the river reaches Barnard Castle, 

a market town with a few factories and about 4,000 inhabitants. Turning due 

east, the river, still in a rocky gorge, passes the villages of Gainford, Piercebridge 

and Coniscliffe and reaches Croft where both its nature and the scenery have 
changed. Instead of being confined to a direct and narrow course by high cliffs 
and rocks, the river, with rounded banks, twists and turns through a district 
with a clay soil until it reaches the town of Yarm, where the rise and fall of the 
water due to tidal influence become considerable. How tortuous this lower course 
is may be illustrated by the following figures : the distance by river from Barnard 

Castle to Piercebridge is about 13 miles and the direct distance between these two 

places is about 10 miles; the river from Croft to Yarm is 24 miles long and the 

direct distance is 9 miles. At Yarm the river, still pursuing a meandering course, 
turns northward, flows past the large industrial area of which the chief towns are 

Middlesbrough (population about 139,000) and Stockton (population about 

68,000), and at length reaches the open sea between the North Gare and South 

Gare, having traversed a total length of about 100 miles, of which a length of about 

25 miles is tidal. . 

Though there are many small tributary streams or becks, all helping to swell 
the volume of the main river and nearly all possessing names, the Tees has few 
tributaries of importance. Even the largest bring in a volume of water small 
in comparison with that of the main river. For example, under normal sum- 
mer conditions, the Balder discharges 4-5 million gallons a day into a main river 
flow of 60-70 million gallons, while the Skerne discharges 5-10 million gallons a 
day into a flow of 100-120 million gallons. In the hilly area the largest streams 
or becks are Harwood Beck on the north, and Trout Beck and Maize Beck on the 
south. Two important tributaries join the river on its southern side between 
Middleton-in-Teesdale and Barnard Castle, the Lune between 1 and 2 miles below 
Middleton, and the Balder 5 miles lower down. At Rokeby, 3-4 miles below 
Barnard Castle, the Greta, after flowing through a picturesque gorge, enters the 
Tees. Thereafter there is no tributary of importance on the south bank until the 
Leven from the northern slopes of the Cleveland Hills joins the Tees rather more 
than a mile below Yarm. On the northern bank the Langley Beck or Grand 
Beck joining the river near Gainford must be mentioned, as although small it 
flows along the valley formerly occupied by the main river (Fawcett). The 
most important tributary from the point of view of this investigation however is 
the Skerne which joins the Tees at Croft. Rising in the rather ill-defined ridge 
near-the Durham Coal Field it flows through a flat district, which can hardly be 
called a valley, past the industrial town of Darlington (population 72,000), and 
carries water of an entirely different character from that of the main river. . 

The Tees is one of the swiftest rivers in England and in no part of the non- 
tidal reaches is it navigable. Its average fall from the source to the sea is about 
30 feet a mile and its average velocity is 14-2 miles an hour but, like all rivers with 
headwaters in wet and mountainous districts, it is subject to frequent floods of con- 
siderable size which travel down the river at speeds as high as 44 miles an hour. 


2 SURVEY OF THE RIVER TEES—NON-TIDAL REACHES 


It is not unusual for the river in its upper stretches to rise 2 feet after heavy rain- 
fall in the region of Cross Fell and Mickle Fell; at Barnard Castle rises of 4 feet 
and at Croft rises of 6 feet are common while exceptional rises of 8 feet at Barnard 
Castle and 20 feet at Croft may occur. At times the rise is so rapid that the flood 
water passes down the river like a tidal wave, an effect which is locally known as 
the ‘‘ Tees Roll’”’. The rising flood washes before it a considerable amount of 
debris from the banks and the first waters of a flood are very turbid. As a result 
of these sudden increases a channel with steep banks has been formed so that flood 
waters only very occasionally overflow the land. As the level and flow of the 
river are so variable, the more detailed descriptions which follow deal mainly 
with the river at normal level. 


Summarising the general description, the river Tees flows from west to east, 
with a total length of about 100 miles, and has four tributaries of importance. 
It has a drainage area of 700-800 square miles and at Croft has a discharge of 
100-120 million gallons a day at normal summer level and 300 million gallons a 
normal winter level. For comparison, it may be mentioned that the Thames is — 
210 miles long and, with its tributaries, has a drainage area to the sea of about — 
5,000 square miles; the drainage area to Teddington is nearly 4,000 square miles 
and at this point the average flow over a period of 35 years (1883-1917) ranged 
from about 500 million gallons a day for September to about 2,400 million gallons 
a day for January. 


Before dealing with the present geological and physiographical features of 
the Tees valley, a brief account is necessary of the general trend of events during © 
the Glacial epoch. As has already been mentioned”, the Tees formerly followed 
a more northerly course, running due east from Eggleston past Staindrop to some- 
where about Gainford in the valley now occupied by Langley Beck. The Greta 
and probably the Balder flowed along another valley farther south which is now ~ 
occupied by Gilling Beck. The Greta was thus a tributary of the Swale and its 
old valley can be seen from the Roman Road between Scotch Corner and Bowes. 
Raistrick® has suggested that the Swale was turned north by the ridge from 
Northallerton to Bedale and joined the Tees about Eryholme. 


During Glacial times, according to Dwerryhouse'), Raistrick®, and others, 
the Tees valley, which was already occupied by a local glacier, was invaded by 
two great ice-sheets. One of these, the Pennine-Lake District ice, came from 
the west by way of the Stainmore depression along the valleys of the Lune, Balder, 
and Greta, and the other, the Cheviot-Scotch ice, came along the east coast and was 
split by the Cleveland Hills, one part coming inland and covering the Skerne and 
the lower Tees valleys. Where the Stainmore glacier, which had joined the 
small glacier from the head of Teesdale near Eggleston, met this western branch 
of the Cheviot-Scotch ice there was considerable congestion. Most of the ice 
moved down the vale of York into the Humber but some was forced over the 
Northallerton-Bedale ridge and there formed a new outlet for the Swale. 


Before and during the Glacial epoch, the sea was considerably lower than it 
is now and the rock bed which was then at the Tees outlet is now 100 feet below 
sea level. When the ice melted an enormous volume of water was released. In 
the upper part of the valley this water made for itself new channels, the most 
important of which were a gorge from Eggleston to Gainford and a gorge from the: 
Greta to the Tees at Rokeby. Since the Stainmore and Cheviot ice melted earlier 
than the Scandinavian ice, which came over the North Sea, the water was held up 
and a big lake was formed over the site of the original Tees channel. On the — 
bed of this lake great quantities of stones and mud were deposited by the glacier 
to form boulder clay which filled up the old Tees channel. When the ice from 
Scandinavia finally disappeared, the water of the lake flowed away into the sea — 
and the waters of the Swale and Tees were free to wander over the mass of stony ~ 
mud which remained. The Swale turned in a southerly direction over the — 
Northallerton-Bedale ridge into the Ouse and the Tees meandered over the boulder — 
clay to form its present tortuous channel. The glacial drift in the lower valley — 
of the Tees is 50-100 feet thick, but west of a line passing approximately north — 
and south along the western side of the Skerne, crossing the Tees at Croft and © 
the Swale at Catterick, there is a sudden thinning of the drift to a few feet. This — 
line may mark the landward side of the lake formed during late Glacial times. In © 
the upper valley, the Tees occupied the new gorge from Eggleston to Gainford — 
and the waters of the Greta came down the Rokeby gorge into the Tees instead — 
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of flowing down the Gilling valley into the Swale. Two of the chief physio- 
graphical features of the Tees are thus probably traceable to the effects of the ice 
age; these are the deep gorge-like valley between Eggleston and Piercebridge, 
made by the water from the melting ice, and the meandering lower course formed 
by the river as it flowed over soft deposits of glacial drift. 


GEOLOGICAL AND PHYSIOGRAPHICAL FEATURES 


The most important geological strata of the Tees valley are : 

Mountain Limestone series. From the source to Eggleston, from Barnard 
Castle to Winston, and in the valleys of the Lune and Greta. 

Millstone Grit. From Eggleston to Barnard Castle, from Winston to Snow 
Hall, Piercebridge, and in the valleys of the Balder and Langley Beck. 

Magnesian Limestone. From Snow Hall to Croft and in the valley of the 
Skerne. 

Keuper Sandstone. From Croft to Yarm and in the valleys east of the 
Skerne. 

Boulder Clay. To a certain extent throughout, but predominantly over 
the Magnesian Limestone and Keuper Sandstone as above. 

Basalt or Whin Sill. Intrusive in the Mountain Limestone Series from 
above Cauldron Snout to Middleton-in-Teesdale. 


It is not proposed to consider all the different sections of the river according 
to the geological strata as these are very varied, especially between the source 
on Cross Fell and Eggleston where the Mountain Limestone Series and the basalt 
alternate frequently. A convenient division of the valley into three sections 
may however be made: (1) from the source to Barnard Castle, where the river 
passes from the Millstone Grit to the Mountain Limestone series; (2) from Barnard 
Castle to Croft, where the river reaches the deep glacial drift deposits; (3) from 
Croft to Yarm, in which section the river flows over deep drift deposits. At 
Yarm the river shows a definite tidal rise and fall and this point marks the dividing 
line between the fresh water and the estuarine sections of the survey. 


Source to Barnard Castle 


The nominal source of the Tees is marked by a stone on the eastern slope of 
Cross Fell, at an elevation of 2,500 feet. The trickle of water which here issues 
from the stones is joined by a number of similar small streams and by the time 
it reaches Trout Beck Foot has increased to a stream 12 yards wide flowing with 
a moderate speed over a stony bed. Three miles farther down the character of 
the river has changed completely to a broad slow-flowing stream. This stretch, 
3 miles long, is known as the Weel and is formed by the damming up of the river 
by the basalt cliff, over which the river falls as a cascade, known as Cauldron Snout. 
Below Cauldron Snout the river flows rapidly over a bed mainly composed of 
solid rock with large stones and emergent boulders. Small stones are rare. Six 
miles below Cauldron Snout the river reaches High Force, a single fall of about 
ninety feet. Between this and Barnard Castle there are quiet pools and stony 
stretches where the flow may reach a speed of four miles an hour. The bed is some- 
times of naked rock as at Cotherstone, sometimes of large stones only, as at 
Leekworth, and sometimes of both large and small stones. Two important 
tributaries join the Tees in this section, the Lune two miles below Middleton-in- 
Teesdale and the Balder at Cotherstone. Impounding reservoirs have been 
constructed by the Tees Valley Water Board on both these streams so that their 
discharge into the Tees is to some extent regulated and is of the order of 3-5 
million gallons a day for the Balder and 6 million gallons for the Lune. Hury 
and Blackton Reservoirs on the Balder have capacities of about 859 and 463 
million gallons and Grassholme Reservoir on the Lune about 1,333 million gallons. 


In this section the three chief geological strata are the Mountain Limestone 
series, the Millstone Grit and the basalt or Whin Sill. Glacial drift, which assumes 
greater importance in the lower reaches, is present from near Cauldron Snout 
downwards but it is relatively thin and consists for the most part of local rocks 
such as whinstone, sandstone and limestone (Dwerryhouse‘®)). There is also, 
between Cronkley Bridge and High Force, a small area of Upper Silurian green- 
slate, and a small mill formerly manufactured slate-pencils from this rock. 
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In general, the main drainage lines are not affected by the nature or disposition 
of the underlying rock, except in the south where the Lune, Balder and Greta 
valleys are in alignment with a gentle syncline whose axis passes down the course 
of the Balder. 


Mountain Limestone Series 


The Mountain Limestone series is more or less exposed to view from the 
source of the Tees to Eggleston, where it is covered by the Millstone Grit. The 
district is full of faults and a detailed description of the rocks in the limestone 
series is not possible here, but the following typical vertical section shows the 
variation of calcareous and non-calcareous rocks. 


Near Alston (Baker‘”) 








Feet 

Tyne Bottom Limestone *, 2.3" 24 
Alternations of shale and sandstone (here the basalt occurs) $s 74 
Jew Limestone.. : As 33 i 3 24 
Alternations of sandstone, aihei etc. ae ms Bn oe 26 
Little Limestone ty ae he ae 18 
Alternations of sandstone, shale, etc. a os oy a 90 
Smiddy Limestone .. ah ae 33 Le “ec ze 31 
Sandstone ft ry vs Ps ry ee he a3 12 
Limestone te 5S st ai at 25 
Alternations of sandstone, shale, etee Pe ie iz oh; Zt 
Robinson’s Lime .¢ “h ad + Ke 21 
Alternations of sandstone, shale. etc. = zs oy dai 12 
Great Limestone of Melmerby Scar id 7 Me 4 132 
Alternations of sandstone, shale and coal .. i ~~ me 24 
Limestone 43. he AF: ze Bs 12 
Alternations of Sandstone: shale, etc. P sas Ke Ee 165 
Limestone if e <3 a 7 
Alternations of ‘sandstone, shale and coal ad cts ia 221 
Limestone ie i es es ‘A 18 
Alternations of sancistone: shale, etc. ae ce st * 234 
Total calcareous rocks ve be Fe i r 312 

Total non-calcareous rocks 33 a iG 2% 879 
Totals Shes 2 1,191 





The limestone reaches its highest elevation on Mickle Fell where it is seen 
at 2,000 feet. 

Another feature of this section is the frequent occurrence of metalliferous 
veins, particularly lead ore (galena). Formerly there was extensive mining for 
lead and barytes above Middleton-in-Teesdale, but this is no longer profitable 
and only the spoil heaps remain. 


Basalt or Whin Sill 


This mass of igneous rock, 40-50 ft. thick, has intruded low down in the 
Mountain Limestone series at horizons between the Melmerby Scar and Tyne 
Bottom Limestones. In the Tees Valley it is exposed over an area with its 
centre at Cauldron Snout. From there it follows up the Maize Beck for 24 miles, 
covers Cronkley Fell and goes 9 miles down the north bank of the river, crossing 
it at High Force, up Harwood Beck and up the Tees for four or five miles. 

The Whin Sill is responsible for some of the most notable features of the 
upper dale, such as the waterfalls Cauldron Snout, High Force, and Low Force 
and the rocky precipices of Cronkley, Widdybank and Holwick Fells. At Cauldron 
Snout the river foams down a ravine of basalt two hundred feet deep, and here 
the columnar structure of the rock can be clearly seen. Five miles farther down, 
at High Force, the river descends 90 feet in a single fall. The top cliffs are basalt ; 
below these are beds of indurated and subprismatic shale, and lower there are 
beds of limestone in which the water has carved out many small caves. Below 
High Force for about two miles the river gorge consists of alternating basalt and 
limestone rocks, best seen at Winch Bridge. Where the various strata adjoin the 
basalt they have become metamorphosed ; the shales are baked as at High Force, 
the sandstones are bleached and rendered brittle and the firm limestone rocks 
have been changed into a friable stone of a granular or crystalline nature, the 
so-called ‘‘ sugar limestone ’’. These alterations are found both above and below 
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the intrusion. After passing the basalt the river flows generally between less 
steep banks but there are small rocks and cliffs at intervals down to, Eggleston. 


Millstone Grit 


Between the valleys of the tributaries Lune and Greta there is a synclinal fold 
in the Mountain Limestone Series, bringing in Millstone Grit along the valleys 
of the Balder and Deepdale Beck. This mass is roughly rectangular and stretches 
from Stainmore due east to Piercebridge and Ingleton, where it is crossed by the 
Magnesian Limestone. Through this grit and shale series the Tees has cut a 
narrow gorge, continuing from Eggleston until the Mountain Limestone series 
is again reached at Barnard Castle. According to Fawcett this portion of the 
river is Glacial or post-Glacial and the old course of the river was along the valley 
north of the Millstone Grit now occupied by Langley Beck. The precipitous banks 
and gorge-like character of the river as far as Piercebridge are due to its recent 
origin. 

The frequent change of rocks in the valley between the source and Barnard 
Castle is responsible for great variation in the soil and vegetation of the dale. On 
the Millstone Grit and on the basalt there are heather moors on a peaty, acid soil. 
In the Mountain Limestone Series where the intercalated limestones are thick or 
numerous there is pasture, abundant vegetation and a basic soil; where non- 
calcareous shales and sandstones predominate heather again occurs, and in many 
places there may also be seen a mixed association of heather and pasture over a 
thin peat, due to the rapid succession of calcareous and non-calcareous rocks in a 
small area. One of the interests of Teesdale is the almost unique flora on the 
metamorphosed “sugar limestone.’’ Among other rare plants that grow here, 
Gentiana verna is found. The changes in vegetation are well marked on the 
slopes of Cronkley, Widdybank and Mickle Fells. 


The differences in soil and vegetation caused by the superficial rocks affect 
the composition of the river water, which, though frequently coloured by infusions 
from the peat, rarely shows an acid reaction except in the first half mile from the 
source. Drainage waters from the peaty soil and from the basic limestone rocks 
and soil enter the river together, bringing both brown acidic and alkaline waters 
into the Tees. 


All the tributaries in this section flow over the Limestone series except the 
Balder, the valley of which is almost entirely Millstone Grit; the water of the 
Balder is the softest and least alkaline of any entering the river system. 


Barnard Castle to Croft 


The physiographical features of the river between Barnard Castle and Croft 
are similar to those above Barnard Castle. Stretches where the bed is of solid 
rock are fewer but good examples occur at Whorlton and at Piercebridge. Emer- 
gent boulders are common and stretches with stones of medium size are frequent. 
There are small waterfalls at Barnard Castle and Whorlton, and at Abbey Bridge, 
Barnard Castle, the river flows through a narrow gorge. The only tributary of 
importance is the Greta which joins the Tees at Rokeby, about three miles below 
Barnard Castle. This stream frequently brings down large volumes of peat- 
coloured water from Stainmore. 


The chief geological strata in this section are the Mountain Limestone and 
Magnesian Limestone. 


Mountain Limestone (Yoredale Series) 


At Barnard Castle the river emerges from the southern side of a block of 
Millstone Grit, flows through a gorge of limestone, which is best seen at Egglestone 
Abbey, and continues between steep banks of shale or limestone rocks in a 
eradually widening gorge until it reaches Winston where once again the cliffs are 
Millstone Grit. The Millstone Grit continues down to Snow Hall near Piercebridge 
where the surface rock becomes Magnesian Limestone capped with a thin deposit 
of boulder clay. Between Gainford and Piercebridge and below this stretch the 
river terraces, which after Eggleston Gap are narrow, become wider and cliffs or 
steep banks are seen only on the convex side of a bend as at Grand Bank, Gainford, 
Cliffe and Coniscliffe. 
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Magnesian Limestone 

From Snow Hall to Croft the bed of the river is Magnesian Limestone, which 
is visible, beneath a glacial deposit of 30 feet of boulder clay, along the south bank 
west of Piercebridge. Below Piercebridge the boulder clay becomes thicker and 
at Croft the sub-surface rock changes from Magnesian Limestone to Keuper 
Sandstone. There is not the same variety of soil and vegetation in this section 
as above Barnard Castle. For the most part the valley is grassland, with some 
woodland mainly where the land falls steeply to the river and its tributaries. 
There are small tracts of heather moorland on the Millstone Grit of the northern 
side of the dale and some arable land. 


Croft to Yarm 


Below Croft the river is much wider than at Piercebridge. Places where the 
bed is formed of solid rock are rare and emergent boulders are infrequent. In 
some parts, for example just below Croft Bridge and at Hurworth, the bed is 
formed of large stones and the river is fast flowing and shallow, but usually the 
bed is of stones of medium size and gravel and the speed of flow varies from one 
to three miles an hour, according to whether the river is deep, as at Eryholme 
and Neasham Abbey, or shallow, as at Low Middleton. There are practically no 
muddy stretches and sand is only deposited where there are eddies or where it is 
held up by masses of macrophytic vegetation. 

There are several reasons for the change in the character of the Tees valley 
below Croft. The boulder clay here becomes so thick that it is the only formation 
of importance. It overlies Keuper Sandstone in place of the Magnesian Lime- 
stone which forms the sub-surface rock above Croft. The valley of the Skerne 
also consists of boulder clay, overlying Magnesian Limestone from Croft to 
Bradbury and Coal Measures farther north. At the western end of this section, 
at Croft, the boulder clay is still only a few feet thick and slabs of limestone or 
sandstone can often be seen in the bed of the river. Farther east the boulder 
clay becomes very thick; a section at Eryholme shows a depth of 150 feet 


(Raistrick'»)). Over this extensive layer of boulder clay the river follows a very — 
winding course; its banks are generally rounded and of soft material but in some © 


places, as at Sockburn, there are cliffs of clay fully fifty feet high. The secondary 
river terraces are very wide and the river bed is gravel and sand with an occasional 
boulder. Another change in this section is that the river bed is not now being 
markedly eroded as it is in the reaches well above Croft. 

Reference should also be made to the effect of the River Skerne which enters 
the Tees just above Croft. This tributary differs considerably from the Tees and 
from the other tributary streams. From Hurworth Burn Reservoir to Croft it 
has a course of about twenty-six miles and flows entirely over boulder clay, which 
in the last ten miles forms a shallow trough overlying Magnesian Limestone. 
The bed in many places is muddy, the water is highly calcareous, and macrophytic 
vegetation is abundant. The average fall is ten feet a mile, so that the flow is not 
so swift as that of the Tees and the stream does not rise and fall with the rapidity 
characteristic of the Tees. The calcium salts brought down by the Skerne add 
considerably to the hardness of the Tees water. For example in June, 1929, the 


oe 


hardness of Tees water above the Skerne was 5:8 parts and below the Skerne 11:5 — 


parts CaCO, per 100,000. 


INDUSTRIES 
Agriculture 
The industrial districts of the Tees valley are mainly situated along the 
Estuary and the upper valley is largely rural, with agriculture as its chief industry. 


The areas above Middleton-in-Teesdale are mainly a thousand feet or more above — 
sea level and are chiefly rough pasture and heather moors devoted to sheep and — 
grouse. According to data for 1930, the ratio of rough pasture to the total area is as ~ 


high as 68 per cent ; there are about 60 sheep and 3 or 4 dairy cattle per 100 acres. 


Between Middleton-in-Teesdale and Barnard Castle, where the land is mainly 500 to ~ 


1,000 feet above sea level, there is a considerable area of meadowland which is 
systematically cultivated for hay. On these meadows the whole stock of farmyard 
manure is used. A dressing of lime is occasionally given to the pasture land, but, 
except for this, very little artificial fertiliser is employed. The average yield of hay in 
the region is 20 cwt. an acre. In the lower lying pasture land the numbers of farm 


animals per 100 acres are, approximately, 72 sheep, 4 dairy cattle and 6 other cattle. — 





THE WATERSHED OF THE RIVER TEES 7 


From Barnard Castle to Croft the rough pasture occupies only about 9 per cent. 
of the area, and grassland occupies 67 per cent., including 18 per cent. for hay. 
Yields of hay average 21 cwt. an acre on the higher ground and 28 to 30 cwt. on the 
land nearer the river. The numbers of animals on a hundred acres of grassland 
are, approximately, 115 sheep, 11 dairy cattle, and 24 other cattle. This region 
is probably the most fertile part of the valley. Between Croft and Yarm and in 
the Skerne valley 57 per cent. of the area is permanent grassland and rough pasture 
is negligible. There is no concentration of meadowland along the banks of the 
river as in the higher reaches. Whilst the number of ‘‘ other” cattle per 100 
acres of grassland is slightly less than in the Barnard Castle region, there are 
about 12 dairy cattle and approximately 84 sheep per 100 acres. 

The area of arable land is negligible in the higher parts of the valley but 
increases below Barnard Castle. Between Barnard Castle and Croft it forms a 
quarter and below Croft and in the Skerne valley a third of the total area. Arable 
fields are scattered over the valley and not concentrated in any particular positions. 
The chief cereal crop is oats, barley is next in importance, and there is compara- 
tively little wheat. The chief root crops are swedes and potatoes, but these are 
of no great importance. 

The agricultural industry, although the most important in the upper valley 
of the Tees, affects the river only where manured fields drain directly into it and 
where the rate of run-off is increased by sub-soil drainage. 


Other Industries 


In contrast to conditions in the estuary the industries in the higher reaches 
of the Tees are neither of a nature nor of an extent seriously to affect the river. 


Coal Mining 

Unlike the rest of County Durham there is hardly any coal mining in the 
Tees valley. One very small colliery near Winston Bridge produces about 4,000 
tons a year. The upper reaches of the Skerne valley lie on the southern edge of 
the Durham Coalfield and several large collieries, e.g. Trimdon, discharge water 
into this stream at its source. | 


Lead and Barytes Mining 


Lead mining was formerly carried on extensively in the upper Tees valley 
where most of the mines were exploited by the London Lead Company (1686-1904). 
At one time as much as 400 tons of dressed lead were produced in a year. Owing 
to the low price of lead and to most of the mines being worked out all mining has 
now ceased and only spoil heaps and ruined buildings remain. 

Barytes, which occurs frequently as a gangue mineral in the Teesdale lead 
mines, was exploited to a considerable extent from 1900 to 1921. The chief mines 
were at Cow Green near the Weel and at the head of Lunedale, but both these 
mines, after working spasmodically in 1924-25 and 1927, were closed down in 
May, 1929. 


Quarrying 

As the Whinstone or basalt is very suitable for road making there are large 
quarries in the regions where this rock outcrops at High Force, Holwick and 
Middleton-in-Teesdale. There are other large quarries in the limestone and 
sandstone strata at Forcett and near Barnard Castle but they do not discharge 
effluents into the river. 


Iron and Steel Works 


Although the greater part of the iron and steel works of the district are 
situated along the estuary there is a considerable amount of heavy engineering at 
Darlington. The town is chiefly concerned with the building of locomotives and 
railway wagons but there are also other engineering works. There are two sets 
of blast-furnaces, Carlton Iron Works and Dinsdale Iron Works, in the middle of 
the valley. Barnard Castle also has a few small iron foundries. None of these 
works however produces effluents which directly affect the river. 


Chemical Works 


Most of the large chemical works are on the banks of the estuary, but there 
are a few in the area covered by the survey of the non-tidal reaches of the river. 
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One of these, on the banks of the Skerne, is concerned with the distillation of tar 
and the manufacture of artificial fertilisers. 


Textile Industries 

Although a fair quantity of wool is produced in the upper Tees valley there 
is now very little weaving in the district. Formerly Barnard Castle was the 
centre of a considerable hand-loom carpet weaving industry and in the dyeing 
of the fabrics the waters of the Tees were considered to impart a peculiar brilliancy 
of colour (Fordyce). A mill which manufactured shoe threads for over 100 
years has recently closed down, and of five mills of considerable size on the river 
banks only one is now at work. Along the two miles of river at Barnard Castle 
above Abbey Bridge there were formerly five weirs impounding water for mills 
but only two now remain. 


POPULATION 


The population of the Tees valley above Yarm is very scattered. The three 
towns of importance, Darlington, Barnard Castle, and _Middleton-in-Teesdale, 
have populations of about 72,000, 4,000 and 1,700 respectively. Upper Teesdale 
boasts of two of the loneliest inhabited houses in England, Birkdale near Cauldron 
Snout and Moor House near Cross Fell, each of which is at least four miles from 
the nearest habitation. The occupants are engaged in sheep farming. Above 
Middleton-in-Teesdale the population is less than 50 per square mile, between 
Middleton-in-Teesdale and Barnard Castle it is 55, between Barnard Castle and 
Croft 136, and between Croft and Yarm 152. The whole of County Durham 
averages about 1,500 per square mile; this includes coal mining districts some of 
which are among the most densely populated parts of England. 

The population in the Tees valley which is served by sewerage systems is 
discussed in Chapter IV. A study of the effect of the sewage, treated and untreated, 
on the river was one of the most important parts of the survey. 


RAINFALL 


Early in 1929, when this survey was being organised, the Meteorological 
Office of the Air Ministry undertook to supply data of the rainfall in the Tees 


watershed throughout the survey. The rainfall stations then reporting to the — 


Meteorological Office were inspected and twelve additional rain gauges were 
installed, making, in all, about 50 gauges in the Tees valley during the period 
of the survey. In most cases arrangements were made to read the gauges each 
day, but at isolated stations, such as those on moorlands in the Lune and Balder 
areas, only monthly readings could be obtained. Other rainfall gauges outside 
the catchment area of the Tees also provided useful data. 


Average Annual Rainfall 


In all parts of the British Isles the distribution of rainfall in any period as long 
as a year is closely related to the configuration of the land. Thus in the Tees 
valley the smallest annual totals occur in the low-lying districts of the east, 
while the largest annual totals are recorded in the hilly area of the extreme west. 
Unfortunately there is very little information as to the rainfall in the upper Tees 
valley, 7.e., in the wettest area. No records are available for the areas on Mickle 
Fell and Dufton Fell drained by Maize Beck and Trout Beck. It is obviously 
important that some estimate should be made of the contribution from that area 
to the general fall. To make such estimates there must be some means of ascer- 
taining the general relationship between rainfall and configuration over the whole 
area, so that the isohyetal lines, marking areas of the same rainfall, can be esti- 
mated over areas where actual readings are few or none. This relationship is 
determined by means of a map of average annual rainfall over the whole area, in 
which all records kept within and just outside the area can be utilised. In drawing 
the isohyetal lines over areas with few or no data, reference can be made to the 
run of the lines in adjacent areas of abundant data, in relation to the configuration. 
For this reason a map of the average annual rainfall over the Tees valley (Fig. 1) 
was constructed using all records back to 1881. The mean for the 35 years 1881 
to 1915, used for the Book of Normals‘, was adopted. The mean annual rain- 
fall for any short period record was weighted by reference to the nearest stations 
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with continuous records since 1881, to give an estimated value of the mean annual 
amount for the standard period 1881 to 1915. The method is explained in an 
article on the Rainfall of Norfolk ®. 


The average annual rainfall for the standard period 1881 to 1915 is about 
23 in. in the neighbourhood of the Tees estuary, and between 23 in. and 25 in. 
over a broad strip near the main river almost as far up as Croft. A considerable 
portion of the upper catchment area of the River Leven, draining to Yarm, receives 
more than 30 in. The rainfall over the River Skerne catchment area varies from 
about 254 in. at Croft to 30 in. near Trimdon. At first the increase in the rainfall 
up the Tees is small, the average rainfall reaching 27} in. just above Winston, 
30 in. at Barnard Castle and 35 in. at Middleton-in-Teesdale, but subsequently 
the increase is more rapid, the average reaching 55 in. at Cauldron Snout, the 
junction with Maize Beck, and probably as much as 78 in. on Cross Fell. <A 
rainfall of 35 in. or more is confined almost entirely to that part of the catchment 
area exceeding 1,000 ft. above sea level, while as much as 60 in. occurs where the 
altitude exceeds 2,000 ft. or in the immediate vicinity of such regions. An average 
rainfall of more than 70 in. is probably confined to the summit of Mickle Fell and 
the area between Dufton Fell and Cross Fell. In the north-west of the catchment 
area, along the ridge between Harwood Common and Middleton Common, the 
rainfall is probably over 60 in., with as much as 65 in. on Burnhope Seat. In the 
south-west, near Bowes Moor and Scargill High Moor, no appreciable area receives 
as much as 60 in. 


Utilising the map of the average annual rainfall, estimates were made of the 
general rainfall over certain catchment areas. The general average rainfall over 
the total area draining to Barnard Castle (177 sq. miles) is about 51 in., to Croft 
above the Skerne (349 sq. miles) about 43 in., to Croft below the Skerne (447 sq 
miles) about 39 in. and to Middleton-One-Row (486 sq. miles) about 38 in. 


General M onthly Rainfall, April 1929 to July 1932 


The monthly totals from each record were plotted on a series of maps, on 
a scale of 2 miles to 1 in., showing the watershed lines of the River Tees, its main 
tributaries and the 1,000 ft. and 2,000 ft. contours. The isohyetal lines were 
drawn in each case and the general rainfall over the various catchment areas 
was estimated from these maps. In making these estimates, due allowance was 
made for the rainfall in the mountainous regions in the upper portion of the valley, 
for which no records are available. This is usually the wettest part of the area 
and in making estimates of the rainfall due regard was given to the increase in 
rainfall deduced from the map of average annual rainfall, and found in adjacent 
regions of more abundant data. The final values are shown in Tables 1 to4. They 
probably represent the actual rainfall within 2 or 3 per cent. in the case of the 
annual values and within 7 or 8 per cent. in the case of the monthly rainfall. 


TaBLE 1—Monthly and Annual Rainfall over the Tees Valley to Barnard Castle 
(177 sq. miles) 


Year | 1929 | 1930 | 1931 | 1932 

in. in. in. in. 

January — 8-4 4:7 ‘Ask 
February — 1:8 5:9 L-} 
March —_ 3:4 1-8 4-2 
April . 2°2 4-0 4°4 5-2 
May eas pare) 4-0 4-2 
Utes 5. 2°8 2°9 6:5 1-6 
july": 4°5 6-4 6°5 5°6 
August 5°3 7°6 4-3 — 
September rad | 5:8 3-0 -- 
October 6-1 6:6 3°3 — 
November 7°5 6:7 6-2 — 
December 8-9 5°3 3:7 a 
Annual = aa — 61-2 54-3 — 


10 SURVEY OF THE RIVER TEES—NON-TIDAL REACHES 


TABLE 2—Monthly and Annual Rainfall over the Tees Valley to Croft above the 
River Skerne (349 sq. miles) 





Year 1929 | 1930 | 1931 | 1932 
in. in. in. in. 
January ys by — 6:8 3:9 5:5 
February — 1-6 4-4 0-9 
March a 3:4 1+5 3:4 
April .. 1:8 3°8 3:9 4:2 
May 1:9 1:9 3:7 4-1 
JUNE. 2.1 2:3 2:4 5:4 1:6 
July 3°9 6-2 5:4 4:6 
August 4°3 6:9 4-2 
September 2-0 5:0 2°8 a 
October 4:8 5:3 2:4 — 
November 6:2 5:4 5:4 _ 
December 7°8 4-2 3:0 — 
Annual Zs «2 = 52:9 46-0 = 


TABLE 3—Monthly and Annual Rainfall over the Valleys of the Tees and Skerne 
to Croft (447 sq. miles) 


Year | 1929 | 1930 | 1931 | 1932 
| 
in. in. in. in. 

January Che ie — 6:1 3:5 4:6 
February — 1-6 3:7 1-0 
March — 3°3 1:4 3-1 
April .. Ld, 3°6 3:7 3°5 
May 1°8 15S 3:5 4-0 
June 222 2-1 5:0 1:6 
aLithy: 3:5 6:0 5°3 4-4 
August 3°8 6-2 4-0 — 
September 1:8 4-7 3-1. — 
October 4-2 4-6 2° — 
November 5:4 5:0 4°8 — 
December 6:8 3-8 2°6 ors 
Annual oy Ne — 48°8 42-7 — 


TABLE 4—Monthly and Annual Rainfall over the Tees Valley to Middleton-One-Row 
(486 sq. miles) 


Year | 1929 | 1930 | 1931 | 1932 
in in. in. in. 
January _ 5:8 3:4 4-4 
February = 1:5 3:5 0-9 
March — 3-2 1:4 3:0 
April. 1-6 3°5 3:7 3°3 
May 1:8 1-7 3°5 4-1 
June 2:2 22 4-9 1-6 
July 3°4 5:9 5:2 4:3 
August 3:7 6:1 3-9 — 
September 1:8 4:5 3:0 — 
October 4-] 4:4 2:0 | — 
November 5:1 4-8 4:6 — \ 
December 6:5 3:7 2°4 — 
Annual fh oN — 47°3 41-5 — 
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CHAPTER II 
DESCRIPTION OF SURVEY STATIONS 


A preliminary survey of the general characteristics of the river Tees 
made in May 1929 included examination of samples of the water and biological 
observations at 37 positions distributed over about 70 miles between Yarm and the 
Weel. On the basis of this preliminary work representative survey stations were 
chosen for more detailed examination. Systematic observations were made at 
most of the stations once each month during the first year and more detailed 
observations were carried out for a longer period at a smaller number of stations 
between Yarm and Croft and at Eryholme, Barnard Castle and High Force. To 
facilitate reference, the various stations were designated by the letters shown in 
the following paragraphs, in which the positions of the stations and their charac- 
teristics are described (Plates I-III). At the beginning of each paragraph the 
distance, in miles by river, of the station above Yarm Bridge is shown in brackets. 
The figures given for speeds of flow represent approximate averages under conditions 
of dry weather. At normal levels most parts of the bed of the river above Yarm 
can be explored by wading. There are deep holes in some places but these are 
rare. The deeper places were examined occasionally. 


Station A, Yarm Boathouse (0-2).—Although this station, at Yarm boathouse, 
is well above the limit of penetration of salt water from the estuary, the level of 
the water may rise and fall to the extent of 50 to 80 inches merely as the result 
of tidal action. The tidal limit, that is the highest point at which the water level 
is affected by tidal action, is at High Worsall, 44 miles above Yarm boathouse. 
At the time of low water it is possible to wade across the river at Station A unless 
the flow is abnormally large. The river here is about 50 yards wide with a bed 
of sand and gravel on the Durham side and of rock with a few stones and lumps of 
slag near the Yorkshire bank. Silt is deposited along both banks though apparently 
not in midstream. There is no macrophytic vegetation. Biological collections 
were made at low water right across the river about 100 yards above the boating 
pier and frames with glass slides were anchored ten yards from the bank on both 
sides. Samples of water for chemical examination were taken from a boat in 
midstream. 


Station B, Low Middleton Ford (7:2).—This station is about 3 miles upstream 
from the tidal limit at High Worsall and is characterised by soft sandy banks 
about ten feet high and shallow water right across the river, which is about 
50 yards wide. The mean depth is about two feet under normal conditions of flow 
and the maximum (near the Durham bank) is about three feet. The river bed 
consists chiefly of gravel with stones up to 9 or 12 inches in diameter. Larger 
stones are rare, but there are several lumps of slag placed near the Durham bank 
to improve the ford. Macrophytes were more abundant here than at any other 
station and amongst patches of these there were sandy beds of considerable size. 
Collections were made immediately above the ford over the whole width of the 
stream. A frame for the collection of sessile algae was anchored in mid-stream 
100 yards above the ford. 


Station C, Evyholme (17-1).—This station is one-third of a mile below 
Neasham Hall Bridge and about seven miles below Croft Bridge. The banks are 
similar to those at Low Middleton Ford (Station B). The current is slow (0°8 ft. 
per second) and the river bed is inclined from the Yorkshire bank so that under 
normal conditions the depth increases from about 3ft. 6in. in mid-stream to 
about 5ft. near the Durham side. At very low water a strand of shingle is 
exposed on the Yorkshire side. The nature of the river bed changes at different 
seasons. It consists mainly of gravel, stones up to 9 or 12 inches in diameter and 
a few much larger stones. During the season of abundant growth of Cladophora 
in May and June fine silt is deposited on the stones. This fine silt is usually 
washed away by August, but between November and February the stones are 
again covered with a thin film of silt and sewage fungus. Biological collections 
were made from the Yorkshire bank to mid-stream and a frame for sessile algae 
was anchored in water eighteen inches deep about ten yards from the shore; 
samples of water were collected from mid-stream. 
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At Croft the Skerne joins the Tees and its water has a marked effect on the 
condition of the Tees. Three stations were therefore chosen near Croft, Station D 
in the Tees just below the confluence, F just above and E on the Skerne. The 
confluence of the Skerne with the Tees is 24 miles from Yarm and 55 from Cross 
Fell. 


Station D, Croft Bridge (23-9).—Station D is 340 yards below the confluence 
of the Skerne and the Tees. The river here is shallow and fast flowing (3-3 ft. 
per second) with the most rapid current near the Durham bank, alongside which 
a retaining wall has been built. In the centre of the river there is a small island. 
The river bed, which consists for the most part of firmly fixed large stones with 
lumps of slag near the retaining wall, is covered with a thin film of silt and sewage 
fungus. Vegetation is plentiful and many of the larger stones are covered with 
moss. Samples of water were usually taken at intervals across the stream from 
Croft Bridge, but the biological collections were made between the Durham bank 
and the island. A frame was anchored in swift water two yards from the wall 
on the Durham side. 


Station E, River Skerne (24-1).—Station E, in the River Skerne, is imme- 
diately above the main Croft—Darlington road bridge, 73 yards from the con- 
fluence of the Skerne with the Tees and 70 yards below the outfall pipe of the 
Darlington sewage works. The tributary is here 9 yards wide and is shallow, 
usually less than 1 ft. in depth; the average flow is 1:7 ft. per second. The 
river bed consists of stones of medium size and gravel covered with a thick growth | 
of sewage fungus and a layer of black mud. 


Station F, Tees above Skerne (24:2).—This station is 300 yards above the 
confluence of the Skerne. The banks are similar to those at Low Middleton Ford 
(Station B) and the current is about 1-7 ft. persecond. A long spit of large stones 
and gravel with occasional slabs of sandstone rock runs out from the Durham 
bank. Beyond this, just past the centre of the river, the depth increases suddenly 
from one to four feet at normal river level but the character of the bottom remains 
the same. Biological collections were usually made in the shallow portion. but 
were extended to the deep portions when the river was low. A frame was anchored 
at a position with a depth of about eighteen inches just before the river began 
suddenly to deepen. 

Station G, Piercebridge (34:2).—Station G is 50 yards above the bridge and is 
typical of the stretch of the river between Croft and Barnard Castle. The current 
speed is 1-7 feet per second. Here there is a pool above a swiftly flowing stretch 
where the river bed consists of small and large stones and boulders. Large boulders 
protruding above the surface of the water are characteristic of many parts of the 
river above Piercebridge. There is a high cliff of Magnesian Limestone on the 
Yorkshire side overlying a considerable area of submerged limestone rock. On 
the Durham side the bank is not well defined. The river has an irregular bed and 
it is possible to make collections across the stream by wading. Samples of water 
were usually taken from the bridge and biological collections were made at points | 
across the river in shallow places below the pool. A frame was anchored on a large 
flat rock in the swiftest part of the stream. 


Station H, Rokeby (43-9).—This station is 50 yards below the confluence of 
the Greta and the Tees. Here cliffs rise on both sides of the river and again there 
isa pool. Farther downstream there is a swiftly flowing stretch over a bed of small 
and largestones and boulders. Samples of water were taken at the downstream 
edge of the pool right across the river. Collections were made at the edge of the 
pool and in the swift and shallow portion on its downstream side. A frame was 
fixed in the shallow portion. 


Station K, River Greta (44).—This station is on the Greta 50 yards above its 
confluence with the Tees, and is at the end of a limestone gorge where the bed and 
banks are almost entirely rock. There is a small pool in the stream where stones 
have collected. The current is strong and turbulent and the width of the stream 
is about 5 yards. Samples were taken in the pool and from the rocky bed. 


Station L, Abbey Mull, Barnard Castle (45-4).—Station L on the Tees is over 
a mile below the county bridge at Barnard Castle and 300 yards below the outfall 
of Barnard Castle sewage works. Its general physical features are not unlike those 
at Rokeby (Station H) as‘there are cliffs or rocky banks on both sides, the bed 
consists of large stones, boulders and rocks, and a somewhat deep portion with 
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PLATE I.—GENERAL VIEWS OF THE TEES 





1. Yarm (Station A). 2. Low Middleton Ford (Station B). This shows the islands of sand collected by Ranuncuius 

filuitans in September, 1931. 3. Eryholme (Station C). 4. Eryholme (Station C). On June 20, 1929, showing 

heavy gtowths of Cladophora. 5. Neasham Ford. Thisshows the macrophytic vegetation with Ranunculus fluitans 

dominant. 6. Below Croft Bridge (Station D). 7. Above Croft Bridge (Station F). The mouth of the Skerne is on 

the left by the brick wall. 8. Above Croft Bridge (Station F). A view upstream to show where the cross-section 
was taken for gauging flow. 
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PLATE II].—GENERAL VIEWS OF THE TEES AND BALDER 





S 


1. Rokeby (Station H). 2. Abbey Mill, Barnard Castle (Station L). 3. Above Barnard Castle (Station N). This 

shows where the cross-section was taken for gauging flow. 4. Cotherstone (Station O). 5. River Balder (Station P). 

6. Leekworth Farm, Middleton (Sfation Q). 7. High Force showing basalt rock. 8. Above High Force 
‘ (Station S$). 
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slow flow is followed by a shallow and faster flowing part which passes into a gorge. 
Samples of water were taken as near the middle of the river as possible. Biological 
collections were made in the shallower parts up to three feet. The frame for 
algae was fixed on a slab of rock in the middle of this stretch in about eighteen 
inches of water. 


Station M, below Barnard Castle (45-9).—This station is 550 yards above 
the outfall of the Barnard Castle sewage works. ‘The river is fast (2-5 feet per 
second) and the bed consists of boulders and stones with no exposed solid rock. 
The contour of the bed is subject to frequent changes as a result of the action of 
floods. Biological collections were made from the Durham side to the middle 
of the river and a frame was fixed 20 yards from the bank in a depth of about 
eighteen inches. . 

Stations L and M were originally chosen to study the effect on the river of 
the Barnard Castle sewage. In November 1929, however, reconstruction of the 
sewage works was begun and from that date to November 1930 untreated sewage 
entered the river at a point well above Station M. Observations at this Station 
were therefore discontinued after November, 1929. 


Station N, above Barnard Castle (47-1).—Station N is 600 yards above the 
county bridge. It is 300 yards above a weir so that the river is slow-flowing and 
rather deep. Emergent boulders, so characteristic of all other stations above Croft, 
are few. The river bed is for the most part solid rock with a few stones but there 
is a spit of smaller stones on the Durham side. Immediately below the station a 
foot-bridge crosses the river, and samples of water were usually taken from the 
centre of this bridge; biological collections were made from June 1930 along the 
stony spit and frames were fixed on the solid rock twenty yards out from the 
Yorkshire bank. Measurements of the changes in water level and of the flow of the 
river were made at this station. 


Station O, Cotherstone (50:4).—The station at Cotherstone is a short distance 
below the inflow of the River Balder. It is a pool with a bed of solid gritstone rock, 
which is terraced, forming deep and shallow places. The current here is 1-7 
ft. per second; stones are found only in the crevices of the rock. Biological 
collections were made from the Yorkshire side in the pool and from the stones 
and boulders where they were accessible. 


Station P, River Balder (50-5).—Station P is in the river Balder just above 
its junction with the Tees at Cotherstone. The water flowing down the Balder 
is mainly compensation water, 3,800,000 gallon a day, from Hury reservoir 3} 
miles up the valley; the stream also receives the sewage effluent from Cotherstone. 
Where collections were made the stream is 6 yards wide and little more than twelve 
inches deep. The bed is gritstone rock with large and medium stones. 


Station Q, Leekworth Farm, Middleton (56-2).—This station, 1,500 yards 
below Middleton-in-Teesdale Bridge and 9 miles above Barnard Castle, is charac- 
teristic of the river above Cotherstone. The flow is 2-5 feet per second and the 
river is shallow with an irregular contour. The river bed consists mainly of 
emergent boulders and large stones. There is in addition at this Station some silt 
and coarse sand derived from the water used in the Mickleton basalt quarries. 
This debris is the fine material from the basalt rock and is non-calcareous and 
inorganic. It is largely carried away by the river water and little may remain when 
the quarries are not working. Middleton-in-Teesdale sewage outfall is half a mile 
above this station. Collections were taken at various places across the river and 
a frame was anchored in mid-stream in about | foot of water. 


Station R, below High Force (62-4).—This station is 50 yards below the 
waterfall and at the downstream end of the pool formed by the force of the water. 
The river is shallow and the flow is rapid. The physical characters are similar 
to those at Station Q, that is, an irregular bed of emergent boulders and large 
stones with some rock. There are cliffs on both sides of the river. Biological 
collections were taken from various places across the stream and a frame was 
anchored in about 1 foot of water. 


Station S, above High Force (62-6).—The river at Station S is very swift 
with rocky sides and the bed consists in the main of basalt rock with a few large 
stones.. During floods the current is so rapid that stones more than 18 inches 
in diameter are frequently moved and smaller stones become wedged in the crevices 
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of the rocks. As the water is normally not more than a foot deep, biological 
collections were made, as at Q and R, over the whole width. 


Station T, The Weel (68-8).—Occasional samples were taken in the Weel, 
which has already been described. Here the current is slow and the river bed is 
sandy or gravelly with a covering of peat and plant debris. Owing to the inacces- 
sibility of this spot it was examined only occasionally. 


Station U, Trout Beck Foot, (74-6).—Although the actual source of the river 
was visited three times and some observations were made there, station U, at the 
junction of the Tees and Trout Beck and 4} miles from the source, is the highest 
place which was examined systematically. The station was chiefly selected as 
an accessible place on the highest part of the river at which the growths of sessile 
algae might be studied for comparison with observations at High Force. It had 
the additional advantage over High Force that there was a much smaller increase 
in water level during floods and the current was not so destructive of glass slides 
ina frame. The stream here is about 50 feet wide and the river bed is composed 
of stones, chiefly between 0-5 and 4 inches in diameter. There is a disused lead | 
mine at this place and old spoil heaps line the banks for about a quarter of a mile. 

After June 1930 observations at many of these stations were discontinued and 
other places were chosen to obtain results which would amplify those of the first 
year. These included four additional stations (Ca, C8, Cy, and C8) between 
Eryholme and Croft Bridge, chosen with the object of studying the progress of 
decomposition of sewage in the Tees below the Skerne, and a station Qa, at Holwick 
Bridge. More frequent observations were made at Station U (Trout Beck Foot) 
and N (above Barnard Castle). In addition three surveys of the Skerne were 
undertaken to ascertain the nature of this stream before it reached the Tees (see 
Chapter XIX). Monthly collections of samples were continued at the most 
important stations and isolated observations were made at other places. 

The positions and general characteristics of the additional stations are 
described in the following paragraphs. 


Station Ca, Neasham Hall Bridge (17-4).—This station is about 6 miles below 
the Skerne ; the bed of the river is stony and the flow is rapid. 


Station CB, Hurworth Bridge (20-4).—Station Cf is about 3 miles below the 
Skerne. The river here has a rapid flow and the bed consists chiefly of large and 
small stones with some sandstone rock. Cladophora was collected and its growth 
estimated at this station and at Neasham Ford between Ca and C8. At Neasham 
Ford the river is wide and shallow, 30 inches being the greatest depth. The river 
bed consists for the most part of medium stones with a quantity of macrophytic 
vegetation. The current is moderately swift. 


Station Cy, Dalton-on-Tees (23-1).—This station is about half a mile below 
the Skerne. The river here is sluggish and deep. 


Station C8, Croft Sewage Works (23-6).—Station Cé is about half a mile above 
Dalton-on-Tees and is near the outfall of sewage from Croft. 


Station Qa, Holwick Bridge (61-8).—At Stations R and S (below and above 
High Force) difficulty was experienced in taking samples of water from mid- 
stream and the frames of glass slides were frequently broken. Investigations were 
therefore transferred to this new station, half a mile downstream. MHere the 
river bed consists of rock, large emergent boulders, and stones down to about 
4 inches in diameter. There were no very small stones or sand. Samples of water 
were usually taken from the bridge and samples of algae 50 yards below, among the 
large stones and boulders. 


A sketch map with a list showing the positions of the various stations is 
included at the beginning of this report. 


[To face p. 14 
PLATE III.—GENERAL VIEWS OF THE TEES AND SKERNE 





1. Cauldron Snout, in a dry season. 2. The Weel (Station T). The three peaks in the distance from left to right 

are Great Dun Fell, Little Dun Fell, and Cross Fell. 3. Trout Beck Foot (Station U). 4. The Source of the Tees 

on Cross Fell. 5. The River Skerne (Station Sk 7). 6. The Tees at Barnard Castle, normal summer level. 
7. The Tees at Barnard Castle, in flood. 
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CHAPTER: III 


MEASUREMENT OF THE FLOW OF THE TEES 


In determining the effects of polluting effluents on any river into which they 
may be discharged, it is necessary to know not only the composition and volume 
of the effluent but also the composition of the river water and the changes in the 
rate of flow at different positions with variations in conditions of weather. Without 
this information it is impossible accurately to assess the rates of purification of 
the polluting discharges as they travel down stream. It is important to measure 
the total quantities of polluting substances and their products of decomposition 
and not merely their concentrations in the river water. 


When a chemical and biological survey of the river Tees was undertaken 
there were no records of the changes in the flow of the river at different positions. 
It was necessary therefore to make a number of measurements with the object 
of gauging the flows of the Tees and the Skerne at several positions under different 
conditions. Suitable stretches of the river near the following positions were 
chosen :—(i) Holwick Bridge (Station Qe); (ii) above Barnard Castle (Station N) ; 
(iii) above the Skerne at Croft (Station F) ; (iv) the River Skerne at Croft (Station E) ; 
(v) the Tees below the Skerne at Croft (Station D); (vi) Neasham Hall Bridge 
(Station Ca) ;(vii) Middleton-One-Row (between Stations B and C). For the measure- 
ments stretches were chosen at which the river was fairly straight, without sharp 
bends, over a distance of 700-800 yards. A cross-sectional area of the river at 
some convenient point near the middle of each stretch was first measured. Current 
velocities were then determined by means of a Watts current meter or by surface 
floats. In some instances both methods were employed and the results of deter- 
minations at different parts of the selected stretches were compared. With the 
current meters the velocities at different depths at positions across the sections 
were determined and the average of these measurements was taken to represent 
the average velocity of flow over the section. When the method of surface floats 
was employed, the average velocity of 10 or 12 floats at different distances across 
the river from the banks was first obtained to represent the average velocity of 
the surface layer of water. This average velocity was then multiplied by 0-8” to 
give the average velocity throughout the depth of the water. The flows were 
determined by these methods with the water at different levels as indicated by 
level gauges erected at Barnard Castle and Croft Bridge. 


In Figure 2 a diagram is given to show the increase in the flow of the river 
between the source at Cross Fell and Middleton-One-Row under normal summer 
conditions when the level of water on the gauge erected at Croft was 1 foot. 
According to this diagram, the flow increased from 2 million cubic feet (12 mil. 
gal.) in 12 hours at Holwick Bridge to 5 million cubic feet (31 mil. gal.) at Barnard 
Castle and 9 million cubic feet (56 mil. gal.) at Middleton-One-Row. At the time 


—=s— 7ROUT BEEK 
— CROONBURN BECK, 
t— MAIZE BECK. 
<— ” LUNE 

+— Ff BALDER. 

<«— DEEPDALE GECK 
<— . GRETA 

— LAnaitr BECK. 
— #9 SNERNE 

t— Clow BECK. 


Croft Gauge 1:0" 


ow a & x ~ = & 
Neasham Half Bridge 


Nolwick Bridge 


ae Castle 
oo 

P4060 cu 
WP cul 









N 
I 


Discharge : cubic feet per 12 hours 


os 








Zo Jo fo Jo 6 


N FD ca Middleton One-Kow. 
—~ Miles fran Source. 

Fic. 2—Dzischarge of the River Tees at Several Positions from Cross Fell to Middleton-One-Row 

at Normal Summer Level 


6 
Cross Fel. aa 


16 SURVEY OF THE RIVER TEES—NON-TIDAL REACHES 


of these measurements the river Skerne carried about 0-6 million cubic feet 
(nearly 4 mil. gal.) in 12 hours into the Tees at Croft. 

The relation between the flow of water at Barnard Castle and the level of the 
water as indicated on the gauge erected at that station is given by the curve in 
Figure 3. A diagram showing the relationship between water level and river 
flow at Croft was included in the report published in 1931 on the hydrographical 


work of the survey. 
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CHAPTER IV 


POLLUTING EFFLUENTS ENTERING THE TEES 


SEWAGE WORKS ON THE TEES 


The polluting discharges entering the non-tidal portion of the Tees are mainly 
sewage and sewage effluents from various outfalls. The methods of sewage treat- 
ment employed in the Tees valley are, as shown in Table 5, mainly by septic tanks or 
settling tanks followed by either filtration or treatment on land. Above Middleton- 
in-Teesdale there is no sewage effluent of any quantity and this stretch of the river 


TABLE 5—Sewage Works Effiuents Entering the Non-Tidal Portion of the Tees 


Information supplied by Local Authorities 





Approx. 
) normal Population Novos Nearest 
Sewage works Type of treatment daily connected W.C’s stream or 
flow with system : river 
(gal.) 
High Force Hotel .. | Closed septic tank, filter bed 150 8 9 Tees. 
Ok _ and percolating trenches. 
Newbiggin .. Individual soak away cess- — 83 houses — Tees. 
pools. Sub-soil drainage 
. over sand and gravel, 
Middleton-in-Teesdale| Covered septic tanks, percola- 35,000 1,700 300 approx. | Tees. 
4 ting filter and land. 
Mickleton -+ | Settling tanks and filter beds, 2,000 400 Nil Tees. 
trough type, for foul sink 
and slop water only. 
Eggleston Settling tanks and open 4,000 328 10 Tees. 
: trenches in gravel. 
Romaldkirk : Settling tanks, percolating 7,000 200 40 Tees. 
filter. 
Cotherstone.. Settling tanks and filter beds, 15,000 500 36 Balder. 
trough type. 
Startforth Settling tanks and filter beds, 2,000 100 Nil Tees. 
trough type, for foul slop 
water only. 
Barnard Castle Open tanks and filters 150,000 5,045 1,051 Tees. 
1,124 houses 
Bowes Settling tanks and filter beds, 5,000 200 12 Greta. 
tray type. 
Whorlton Covered septic tanks and 1,600 160 6 Whorlton Beck. 
filtration through sand and 
. gravel. 
Winston Settling tank and irrigation in 1,700 110 6 Tees. 
plantation. 
South Cleatlam Settling tanks and percolating 2,400 200 Nil Winston Beck. 
filter. 
Staindrop Settling tanks and open 30,000 1,000 20 Alwent Beck. 
trenches in plantation (3 
: acres). ; 
Gaintord Settling tank and land {filtra- 30,000 1,000 122 Tees. 
ie tion (about 2 acres). 
Clitfe Septic tank 1,000 40 6 | Tees. 
Piercebridge | Tanks and sub-soil filtration 6,000 200 — Tees. 
High Conisclifte Tank and filtration through 9,000 311 — Tees. 
gravel sub-soil. 
Manfield Septic tank and open gutter, 2,500 250 8” |. Tees. 
3 er one mile. 
Low Coniscliffe Tank and filtration through 4,000 150 aa Tees. 
gravel sub-soil. 
Cleasby Settling tank and filtration 1,750 150 Ge tees. 
through gravel. 
Blackwell Tank and land. : 10,000 406 — Tees. 
Stapleton Septic tank and filter oe 1,750 160 6 Tees. 
Barningham Settling tanks and filter beds, 2,000 50 10 Nor Beck. 
trough type. ; 
Barton Septic Pecne and land irriga- 40,000 550 20 Barton Beck. 
tion. 
Newton Morrell Septic tank .. 400 45 3 Barton Beck. 
Sadberge Tank and land treatment 11,000 380 te Carcut Beck to 
the Skerne. 
Darlington .. Tank and land treatment 3,100,000 72,000 — Skerne, 
Croft +. Septic tank and mill race 40,000 450 40 Tees. 
Dalton-on-Tees Septic tank and open gutter.. 1,500 150 1 Tees. 
Hurworth Tank and land ; 20,000 700 — Tees. 
Eryholme Septic tank and open g gutter. 700 120 4 Tees, 
Girsby : Small septic tank 500 60 1 Tees. 
Dinsdale (Over ) ..- | Septictank .. 400 75 8 Tees. 
Dinsdale Park School | Tanks and filter beds | 3,600 120 20 Tees. 
Middleton-St. George | Tank and filter beds 54,000 1,800 — Tees. 
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is practically unpolluted. Between Middleton-in-Teesdale and Cotherstone, above 
the entry of the River Balder, there are four sewage works, but that at Middleton- 
in-Teesdale accounts for 73 per cent. of the total volume of the four effluents dis- 
charged. Between Cotherstone and Barnard Castle the effluent from Cotherstone 
accounts for 88 per cent. of the total volume of effluent discharged, and between 
Barnard Castle and Croft the only effluent with direct access in any quantity to 
the river is that from the sewage works at Barnard Castle. Between Rokeby 
and Croft there are eleven sewage works discharging directly into the Tees, but as 
these are small and fairly evenly distributed it is not necessary to consider them 
separately. Between Croft and Low Middleton there are ten sewage disposal 
systems discharging directly or indirectly into the river, but here the effluent 
carried by the Skerne from Darlington accounts for about 95 per cent. of the 
total volume of effluent. 

The Tees from the source to Yarm can thus be divided into five stretches, of 
which one is practically unpolluted, while each of the others receives one main 
sewage effluent which accounts for the major part of the total volume entering that 
stretch. 


BIOCHEMICAL OXYGEN DEMAND OF SEWAGE EFFLUENTS 


The biochemical oxygen demand (B.O.D.) of a sewage works effluent in Ib. 
of oxygen per head of the population per day, can be estimated from the formula : 


jc) eee, 
10,000 x C 


where F is the total flow of effluent in gallons per day, X is the B.O.D. in 5 days 
of the effluent in parts per 100,000 and C is the population. On this basis the bio- 
chemical oxygen demands per head of the population of the sewage effluent from 
the following towns are :—Middleton-in-Teesdale 0-084 lb., Cotherstone 0-068 Ib., 
Barnard Castle 0-072 lb., Darlington 0-080 lb. The similarity of these figures 
indicates that sewage of much the same character is discharged from each of-these 
four towns. As far as the river is concerned the main difference between these 
effluents is in the amounts discharged. | ; 

A number of analyses has been made of the untreated sewage of Darlington. 
These are given in some detail in Chapter VIII, but here it is of interest to consider the 
biochemical oxygen demand of the sewage. Results of four tests, taken from Table 
21 of Chapter VIII, are given in Table 6. The B.O.D. per head varied from 0-147 to 
0-216 Ib. per day, but as three out of four values were between 0-17 and 0:18 Ib. 
per day the average demand is probably of this order. Figures have been pub- 
lished which indicate that the oxygen demand per head for purely domestic 
sewage is not more than 0-17 or 0:18 lb. per day but that the presence of industrial 
wastes may increase this demand. 


TABLE 6—Biochemical Oxygen Demand of Darlington Sewage 


Population 72,000 








Test No 1 | 2 | 3 | 4 
Amount of sewage (gal. per day) .. .. | 4,333,000 2,919,000 3,309,000 8,000,000 
5-day B.O.D. (parts per 100,000) .. ox 35:9 42-8 38:4 16-1 
B.O.D. per head of population (Ib. 


oxygen per day) 0-216 0-174 tl bee 0-179 





DILUTION OF SEWAGE EFFLUENTS BY RIVER WATER 


Table 7 shows the dilution afforded under dry weather conditions by the river 
Tees to the four main sewage works effluents from Middleton-in-Teesdale, Cother- 
stone, Barnard Castle and Darlington. These are all effluents from works receiving 
domestic sewage without any appreciable quantity of industrial wastes. In order 
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to conform to the standard recommended by the Royal Commission on Sewage 
Disposal, these effluents should receive the dilutions shown in Table 8. 


TABLE 7—Dilution of Sewage Works Effiuents in the Tees under Conditions of Dry 
Weather Flow 





Gallons per 24 hours 
Dilution 
Discharge of Flow of 
effluent river 

Middleton-in-Teesdale bts ne: Fs 35,000 24,800,000 1: 708 
Cotherstone .. a A ni me 15,000 62,000,000 P4133 
Barnard Castle ve ae a aye 150,000 62,000,000 Taio 
Darlington py x Ef 7 a 3,100,000 79,400,000 Pa2 





TABLE 8—Dilution Required for Sewage Works Effiuents entering the Tees 


Biochemical oxygen 


“Gomand of sowee, | _ demand of river Dilution (2) 
effluent (A) 6 water above effluent calculated from 
outfall (B) z= A‘ — 6-4 
 0-4—B 


Parts per 100,000 Parts per 100,000 





Middleton-in-Teesdale a3 40-9 0-1 1: 135 
Cotherstone .. re a 22°8 0-1 L275 
Barnard Castle F és 24-2 0-1 1:79 
Darlington... Be ai 19-1 0-2 1: 93-5 


From Tables 7 and 8 it is seen that the effluents from Middleton-in-Teesdale, 
Cotherstone and Barnard Castle receive ample dilution with river water but that 
under conditions of dry weather flow the effluent from Darlington is too strong for 
the amount of dilution it receives. When the flows of effluent and river water are 
averaged over a year higher dilution figures are obtained. For example, during the 
years June 1929 to May 1930 and December 1930 to January 1932 the average 
dilutions available for the Darlington effluent were 1 to 68 and 1 to 73 of river 
water respectively ; these, although still low, are nearer to the standard recommended 
by the Royal Commission on Sewage Disposal. In order to comply with the stand- 
ard the biochemical oxygen demand of this effluent under summer conditions of 
dry weather flow should be not greater than 5-5 parts per 100,000. 

In the non-tidal part of the Tees the sewage effluent carried from Darlington 
by the Skerne is the only one of sufficient importance relative to the flow of the Tees 
to provide satisfactory data for the study of the recovery of a river from pollution 
by sewage. Much of the work described in the following chapters was carried out 
to ascertain the effects of this sewage effluent on the Tees. 
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CHAPTER V 


CHEMICAL AND BACTERIOLOGICAL SURVEY 


From June 1929 to May 1930 samples of water from fifteen stations, covering 
68 miles of the river Tees, were systematically collected and examined each month. 
A trailer caravan was adapted for the work so that samples could be examined 
immediately after collection. The analyses included determinations of free 
ammonia, nitrite, HH value, temporary hardness, chloride, and dissolved oxygen. 
With the establishment of a laboratory at Barnard Castle, examinations at two 
stations, S (above High Force) and C (Eryholme), were made in more detail and 
determinations were added of albuminoid ammonia, nitrate, oxygen consumed 
in four hours at 80°F. from N/80 permanganate in acid solution, oxygen consumed 
in 30 minutes at 100°C. from N/8 permanganate in alkaline solution, dissolved 
oxygen absorbed in five days at 65°F. (Biochemical Oxygen Demand), calcium, 
magnesium, sulphate and colour of the water. 

As the part of the non-tidal portion of the Tees most affected by pollution 
was found to lie below Croft, the survey during the next period, to January 1932, 
was mainly confined to that part of the river and the determinations made included 
dissolved oxygen, total nitrogen, organic nitrogen and nitrogen as free and saline 
ammonia, albuminoid ammonia, nitrous and nitric nitrogen, biochemical oxygen 
demand in five days, oxygen taken up from acid and alkaline permanganate, chloride 
and #H value. 

In addition to the chemical analyses, counts of bacteria on agar after three days 
at 20° C. and after 24 hours at 37° C.* were made on the samples from Stations C 
and Sin the period October 1929 to September 1930 and on samples from all stations 
examined in the period December 1930 to January 1932. Samples were also 
examined for the presence of B. coli (see Appendix A). During the period January 
1931 to March 1932 samples were collected daily from Station N (above Barnard 
Castle) for bacteriological examinations. A few counts were made of total 
numbers of both living and dead organisms. 


MINERAL SALTS IN THE RIVER WATER 


The results of analyses for mineral salts in the samples of water collected 
from Station S at High Force during the period November 1929 to September 1930 
are shown graphically in Fig. 4 and are summarised in Table 9. These results 
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Fic. 4—Mineral Salts in the Water of the Tees at Station S (above High Force). 
October 1929-Sepiember 1930 





i 


may be considered as representative of the water in the highest and practically 
unpolluted stretch of the river. Table 9 also includes the relative proportions of 
the salts as calculated from the results of analyses by the method given by Thresh, 
Beale, and Suckling”. 7 

From High Force to Station F at Croft above the Skerne the temporary 
hardness and concentrations of chloride in the river water gradually increased. 
For example the temporary hardness of the samples collected from Station F during - 
the year June 1929 to May 1930 ranged from 3-2 to 10-7 parts of calcium carbonate 


* Ror convenience the term “/ saprophytic bacteria ’’ is used in this report to denote bacteria growing 
on agar at 20° C. and “ pathogenic bacteria ” to denote bacteria growing on agar at 37° C. z! 
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per 100,000 with an average of 6-3 parts; the chloride, expressed as chlorine, 
ranged from 0:4 to 1-2 parts per 100,000 with an average of 0-9 part per 100,000; 
while at Station S during the same period the range of temporary hardness was 
from 2-5 to 7:2 with an average of 4:7, and the range of chloride, expressed as 
chlorine, was from 0-5 to 0-8 with an average of 0:7. Immediately below Station 
F the Tees is joined by the Skerne, the water of which contains comparatively 
large concentrations of mineral salts. As a result the concentrations of mineral 


TABLE 9—Mineral Salts in the Water of the Tees at Station S (above High Force) 
November 1929—September 1930 


| Range | Average 
pr. value... ts be nf 6:9- 7-7 — 
Parts per 100,000 : 
Total solids 4 Ae ae 6-2-11-7 
Temporary hardness as CaCO, .. 1-2— 5-7 


Calcium oxide BRE 
Magnesium oxide . ‘ Ny 0-0 
Sulphate as SO, .. ie Be 0-2- 
Chloride as Cl, P ae: 0:5 


oOCoorwO 
CDmwnoun 





Calculated Concentrations 


Parts per 100,000 : 
Calcium carbonate 
Magnesium carbonate 
Sodium sulphate 
Sodium chloride +, 
Organic matter, silica, etc. 
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Total solids 


salts in the Tees below its confluence with the Skerne are greater than at Station F 
and above. For example, in October 1929 the temporary hardness and chloride 
in the water of the Tees at Station F were 3-5 parts and 0-6 part per 100,000 and 
the corresponding figures for the water of the river Skerne at Station E were 30:5 
and 9-3 parts per 100,000. By the time the two streams had mixed the hardness 
and chloride content of the main stream farther down at Station D were 7:7 and 
2-1 parts per 100,000. It is of interest to note that the figures for temporary 
hardness and chloride in the mixed waters at Station D, according to calculations 
from the relative flows and the results of analyses at Stations F and E, should be 
8-3 and 2-1 parts per 100,000. Other similar examples could be given. It is 
thus clear that the river Skerne has a marked effect on the composition of the water 
of the main river. 


In general there were decreases in the hardness and chloride content in the 
water of the main river from Station D at Croft to Station A at Yarm. As these 
decreases were small, the results of analyses of samples collected from Station C 
at Eryholme approximately represent the average composition of the water from 
this stretch. The results of the analyses of samples from Station C during the 
year October 1929 to September 1930 are shown graphically in Figure 5 and 
summarised in Table 10. 

The examination of the whole of the results of analyses of the many samples 
of water collected from various stations indicated that in general the concentrations 
of the mineral salts were smaller when the quantity of water carried by the river 
was high than when it was low. 

A trace of iron was occasionally found in the water but lead and copper were 
never detected. Above Croft the water contained phosphate equivalent to about 
0-001 part of P,O; per 100,000 ; below Croft the concentration ranged from 0-002 
to 0:007 part P,O; per 100,000. A few determinations for silica gave results of 
about 0-5 part per 100,000. © 
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Fic. 5—Mineral Salts in the Waiter of the Tees at Station GC (Eryholme). 
October 1929-September 1930 





TABLE 10—Mineral Salts in the Water of the Tees at Station C (Eryholme) 
October 1929—September 1930 





Range | Average 
pH value. 7°-4— 7°9 o— 
Parts per 100,000 : 

Total solids 16-1-35-7 23-0 
Temporary hardness as CaCO, 5-1-16-5 9-5 
Calcium oxide 2:1- 8-4 4-9 
Magnesium oxide .. 0-4— 3-2 1-6 
Sulphate as SO, 0-5- 7-1 3:4 
Chloride as Cl, 0:9- 2-7 1:5 


Calculated Concentrations 


Parts per 100,000 : 
Calcium carbonate 
Magnesium carbonate 
Magnesium sulphate 
Sodium sulphate 
Sodium chloride 
Organic matter, silica, etc. 
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CHEMICAL ANALYSES FOR NITROGENOUS COMPOUNDS, DISSOLVED OXYGEN, 
AND OXYGEN DEMAND 


The results of determinations of nitrogenous compounds, dissolved oxygen, 
and oxygen demand are considered in more detail later in this chapter when their 
seasonal variations are discussed. It will be useful here, however, to consider these 
results more generally from the point of view of the concentration of certain 
constituents in the river water and the variations in the composition of the water as 
it progresses downstream. 


A summary of the results of determinations of nitrogen as free and saline 
ammonia and nitrite and of dissolved oxygen in the samples of water collected from 
the various stations along the river during the year June 1929 to May 1930 is 
given in Table 11. 


Some idea of the general condition of the river water can be obtained from 
Table 11 by a comparison, of the amount of deviation from the average at each 
Station. Stations S and R, where such deviations are slight, are situated far up 
the river where pollution is negligible. At Q (Leekworth Farm, Middleton), P 
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(on the Balder), O (Cotherstone), and L (Abbey Mill, Barnard Castle), some pollu- 
tion has reached the river from local sewage works and the deviations from the 
averages are greater. The effects of such pollution are, however, relatively small 
and can be traced for only a short distance. At Stations K (on the Greta), G 
(Piercebridge), and F (on the Tees above the Skerne), pollution is negligible and 
deviations from the average are very small. Station E on the Skerne and Stations 
D to A below Croft on the Tees show wide variations. The river Skerne at Station 
E is badly polluted with sewage from Darlington and has a marked effect on the 
river Tees, which it joins at Croft. Table 11 shows that during the year June 
1929 to May 1930 the free and saline ammonia in the Skerne at Station E varied 
from 0-17 to 1-14 parts of nitrogen per 100,000, nitrous nitrogen from 0-006 to 
0-06 part per 100,000, and dissolved oxygen from zero to 85 per cent. of the 
saturation value. The immediate effect of this tributary on the river Tees can 
be seen from the figures for Stations F and D, above and below the Skerne At 


TABLE 11—Concentrations of Free and Saline Ammonia, Nitrous Nitrogen ana 
Dissolved Oxygen in the Water of the Tees at Various Stations 


June 1929—May 1930 








Nitrogen in parts per 100,000 as Dissolved oxygen 
Per cent. of 
Station Free and saline ammonia | Nitrous nitrogen saturation value 
Range Average Range Average Range Average 
Ss 0 to 0-02 0-005 0 0 86 to 95 91 
R 0 to 0-015 0-005 0 0 86 to 98 92 
O 0 to 0-025 0-010 0 to 0-0004 0-0001 88 to 96 91 
P 
(Balder) | 0:005 to 0:045 | 0-015 0 to 0-0033 0-0007 77 to 102 91 
O 0 to 0-03 0-006 0 to traces 0 80 to 96 90 
i; 0 to 0-03 0-011 0 to 0-0007 0-0002 86 to 95 92 
K 
(Greta) | 0 to 0-015 0-003 0 0 86 to 95 91 
H 0 to 0-025 0-008 0 to 0-0006 0-0001 89 to 99 93 
G 0 to 0-015 0-005 0 to traces 0 88 to 99 93 
F 0 to 0-015 0-005 0 to traces 0 81 to 95 90 
E 
(Skerne) | 0-17 to 1-14 0:57 0-006 to 0-060 0-025 0 to 85 44 
D 0-025 to 0-215 | 0-098 0-0004 to 0-015 0-0050 63 to 94 83 
& 0-010 to 0:050 | 0-027 0-001 to 0-010 0-003 65 to 99 87 
B 0-005 to 0-070 | 0-025 0-0003 to 0-0020 0-0012 67 to 122 94 
A 0-005 to 0-055 | 0-020 0-0002 to 0-0063 0-0016 82 to 108 90 





Station F the free and saline ammonia never exceeded 0-015 part nitrogen per 
100,000 and the dissolved oxygen ranged from 81 to 95 per cent., with an average 
of 90 per cent., of the saturation value. At Station D, however, free and saline 
ammonia ranged from 0-025 to 0-215 part nitrogen per 100,000 and the dissolved 
oxygen was on occasion as low as 63 per cent. with an average value of 83 per cent. 
of the saturation value. , 

Below Station D the river Tees gradually recovered from the polluting 
effects of the Skerne; the concentrations of free ammonia and nitrite decreased 
and the concentrations of dissolved oxygen increased. ye 

During the period December 1930 to January 1932 changes in the composition 
of the water of the Tees between Croft and Neasham Hall Bridge were studied 
in more detail. For this purpose samples were collected at Stations C3, Cy, Cf, 
and Ca (Croft, Dalton-on-Tees, Hurworth Bridge, and Neasham Hall Bridge). 
In addition samples from Stations Qa (Holwick Bridge), F (on the Tees above the 
Skerne), E (on the Skerne at Croft), and B (Low Middleton Ford) were systematically 
collected and examined. The results of the examination of these samples are 
summarised in Tables 12 and 13. 
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TABLE 13—Dzissolved Oxygen, Oxygen taken up from Acid and Alkaline 
Permanganate, and Biochemical Oxygen Demand at Various Stations 


December 1930—January 1932 


Oxygen from acid | Oxygen from alkaline 


Miles Dissolved oxygen permanganate permanganate B.O.D. in 5 days 
Station below (4 hours) (30 min.) 

Croft Per cent of 

Bridge saturation value Parts per 100,000 Parts per 100,000 Parts per 100,000 

Range Average Range Average Range Average Range Average 

Qa — 86-96 91 0:19-0:76 | 0-43 | 0-67-1-70 1-13 | 0:02-0:27} 0-12 

F ae a 83-99 Slt 0:16-0:99 | 0-50 0:69-2:07 1-39 | 0:04-0:54 0-22 

E (Skerne) — 51-77 69 0:46-0:84 0-58 1-60-2-65 2°02 0-29-1+52 0-84 

Cé a 0-3 78-93 85 0-28-0-90 0-55 1-05-2-67 1:60 | 0:15-0-36 | 0:25 

Cy 0:8 82-94 88 0-29-0 - 92 0-51 0: 88-2 +27 1-42 0:06-0:33 | 0-20 

CB 3°5 71-93 84 0:29-0:94 | 0:59 | 0:75-2:28 1-55 | 0:08-0:17 0-12 

Ca 6:5 81-98 89 0:26-0:96 | 0-53 | 0-93-2-24 1:44 | 0:04-0:28} 0-16 

16-7 81-97 89 0-20-0-93 0-51 0-89-2-34 1:46 | 0 -0-41 0-13 





As in the earlier period, the results show the polluted character of the river 
Skerne as it enters the Tees at Croft and the progress of self-purification of the Tees 
between Croft and Low Middleton Ford. 


BACTERIOLOGICAL RESULTS 


Prior to December 1930 only a few samples of water were collected from different 
parts of the river for bacteriological examination. They were sufficient however to 
indicate that at all positions below Middleton-in-Teesdale, that is below the first 
point of discharge of any appreciable quantity of domestic sewage, B. coli could be 
detected in 1 ml. of water and frequently in as little as 0-01 ml. 

From December 1930 to January 1932 samples for bacteriological examination 
were systematically collected at Stations Qa, F, Cs, Cy, C8, Ca, and B on the Tees 
and at Station E on the Skerne. The results are summarised in Table 14. 


TABLE 14—Bacteriological Examination of Samples of River Water from Various 
Stations 


December 1930—January 1932 


No. of bacteria per ml. grown on agar 








Station 20° C. 37°C. 

Range Average Range Average 
Qa 73-6,100 2,000 4-390 76 
B 860-35,000 8,000 52-269 160 
E (Skerne) 145,000-3,200,000 916,000 8,540-47,000 22,000 
Cé 53,000-278,000 137,000 3,320-8,600 6,100 
Cy 2,300—170,000 58,000 1,050-6,700 4,000 
Cp sit. 39,600-138,400 84,000 980-11,200 4,300 
Ca 6,000-132,800 40,000 ~ §20-9,700 2,700 
B 6,300-94,400 34,000 422-2,700 1,200 





At Station Qa, which is above discharges of sewage apart from those from a few 
isolated houses, the water contained smaller numbers of both saprophytic and 
pathogenic bacteria than were found at any other station examined. The bacterial 
counts on samples from the river Skerne at Station E below Darlington were much 
larger than those obtained at any of the stations on the Tees. The effect of the 

olluted water of the river Skerne on the water of the Tees is clearly shown on 

Table 14 by the marked increase in the bacterial counts from Station F to Station Cé. 

At Station B the Tees had recovered to some extent from the polluting effects of 
C4 
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the Skerne and the bacterial counts were lower than at Cé although they were not 
so low as at Station F. 

The results of tests for Bacillus colt are given in Table 15. These show that 
B. coli was always present in 20 ml. at Station Qa, 1 ml. at F, and 0-01 ml. in the 
Skerne at E and generally present in 0-01 ml. in the Tees at C3, Cy, C8, Ca and B, 
again indicating the pollution of the Tees by sewage between Croft and Low Middle- 
ton Ford. 


TABLE 15—Tests for Bacillus coli in Samples of River Water from Various Stations 


Samples were examined for presence of B. coli in 20, 10, 1, 0-1, and 0-01 ml. 


Smallest quantity in which B. coli was detected 























Date 
Qa F E Cé Cy CB Ca B 
(Skerne) 

2.12.30 20-0 1-0 0-01 DOL) 40-01 — 0-1 0-01 
7.1.31 20-0 0-1 0-01 0-01* | 0-01 — 0-1 Det 
16.3.31 1-0 1-0 — — — — — _ 
24.3.31 — — 0-01 0-1 0-4 Se | 0-1 0-1 
18.5.31 10-0 0-1 0-01 0-01 0-01 0:01 0-01 0-1 
15.6.31 0-1 ns — — — 0-01 — —_ 
22.7.31 — 1-0 0-01 0-01 0-01 0-01 0-01 0-01 

The ye) 1-0 0-1 0-01 0-01 0-01 0-01 0-01 0-01 
17.11.31 1-0 0-1 0-01 0-01 0-01 0-01 0-01 0-01 
26.1.32 10:0 1-0 0-01 0-01 0-01 0-01 0-01 0-01 


* Samples taken at Station D. 


SEASONAL VARIATION IN THE DECOMPOSITION OF SEWAGE IN RIVER WATER 


Nitrogenous Compounds 


The detailed examination of the results of analyses of samples of water collected 
during the year June 1929 to May 1930 from Stations Q, P, O, and L, where there 
was some pollution from local sewage works, showed that the rate of decomposition 
of the sewage in the river water is greater in the summer than in the cold winter 
months. At Station E on the Skerne below Darlington and at all stations 
on the Tees between Croft and Low Middleton Ford there were larger seasonal 
variations than above Croft in the concentrations of dissolved oxygen and of 
ammonia, nitrite, and other substances associated with pollution by sewage. 
Curves showing the concentrations of dissolved oxygen, free and saline ammonia, © 
and nitrite and the temperature of the river water at Station E on the Skerne and at 
Station D on the Tees below its junction with the Skerne for each month from 
June 1929 to May 1930 are given in Fig.6. Between July and September, when the 
temperature of the water of the Skerne at Station E ranged from 15° to 20°C., con- 
centrations of ammonia and nitrite, both products of the decomposition of sewage, 
ranged from 0-8 to 1-1 parts and from 0-02 to 0-05 part per 100,000 respectively. 
When the temperature of the water was as low as 2° to 5°C., from December 1929 
to March 1930, concentrations of ammonia and nitrite fell as low as 0:20 and 0-008 
part per 100,000. In July 1929 when the sewage in the river water was decomposing 
rapidly and taking up considerable quantities of dissolved oxygen, the concentration 
of dissolved oxygenat Station E fell to zero ; later it increased until in February 1930, 
when the sewage was decomposing only slowly, the concentration reached 85 per cent. 
of the saturation value. Changes of a similar character are also shown by the curves 
for Station D on the Tees. The concentrations of ammonia and nitrite at this 
station were, however, only about one-fifth of those in the river Skerne, owing to the 
greater quantity of water available for dilution. For this reason the water at 
Station D never contained less dissolved oxygen than equivalent to 63 per cent. 
of the saturation value and in February 1930 the amount of dissolved oxygen reached 
94 per cent. of the saturation value. . 

Although seasonal changes in the rate of decomposition of sewage in river water 
are indicated by the curves in Fig. 6, the relative rates of decomposition cannot be 
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accurately assessed from the concentrations only of such constituents as ammonia 
and nitrite, as these concentrations are largely influenced by changes in the flow 
of the river with differences in weather conditions. In the Tees the flow may vary 
rapidly and by large amounts from day to day and even the average monthly rates 
of flow are subject to considerable change at different times of year. For example, 
under dry summer conditions the quantity of water travelling down stream at 
Croft may not be more than 75-100 million gallons per day, whereas in wet weather 
it is often 600 million gallons or more per day. With the object of studying the re- 
lative seasonal rates of decomposition of sewage and self-purification of the river 
water, therefore, the actual quantities of ammonia, nitrite, and other substances in 
the water at the time of sampling were calculated in terms of kilograms per minute 
passing down stream at Stations F, E, D, C8, Cy, C8, Ca and B. The quantity of 
each constituent at each Station from D down to B was then expressed as a per- 
centage of the sum of the quantities of that constituent at Station F on the Tees and 
Station E on the Skerne. In this way the percentage changes in the quantity of 
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Fic. 6—Temperature and C oncentrations of Dissolved Oxygen, Free and Saline Ammonia 
and Nitrite at Stations E (on the Skerne) and D (Croft Bridge.) 
June 1929-May 1930 


each constituent associated with sewage or the decomposition products of sewage 
were followed. Curves showing these percentage changes for free and saline am- 
monia, nitrite, nitrate, organic nitrogen and albuminoid ammonia are given in 
Figures 7 and 8 for the period December 1930 to January 1932. For the purpose of 
explaining the meaning of these diagrams, the curve for free ammonia at Station 
C3, as shown in Figure 7 might be followed. The zero line represents the sum of the 
quantities of the constituents at Stations F and E. According to the curve the 
quantity of free ammonia at Station Cd in December 1930 was more than twice the 
sum of the quantities at F and E; the relative amount at Cé then decreased until in 
May 1931 it was about 85 per cent. of the total at F and E. In the second half of 
1931, the quantity of ammonia at C8 varied from 25 per cent. to 75 per cent. more 
thanat FandE. The curves in Figures 7 and 8 for other constituents at Station 
C8 and at other stations were similarly constructed. 

The changes as shown by the curves for albuminoid ammonia, free ammonia, 
nitrite and nitrate roughly represent successive stages in the decomposition and 
oxidation of sewage. As oxidation nears completion the quantity of nitrate 
should therefore increase; at a slightly earlier stage the quantity of nitrite should 
increase and at an earlier stage still there should be an increase in the quantity of 
free ammonia. All these changes take place to some extent at the same time so that 
the curves really represent the balance of the various reactions at a particular time. 
It is clear, however, from the curves in Fig. 7, that the decomposition and oxidation 
of sewage proceed at a greater rate during the summer months than during the 
winter. In December 1930 and January 1931 the ammonia content decreased as 
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the water passed downstream but at B was still higher than the sum of quantities at 
F and E, while in May 1931 the quantity of ammonia at B had decreased to 50 per 
cent. of the sum of the quantities at Fand E. A still greater decrease was observed 
in the summer of 1929 when the water temperatures were higher than in 1931 and 
the ammonia at B was only 5 per cent. of that at Fand E. The curves for nitrate 
and nitrite also show that nitrification was more complete at B during the summer 
than in the winter. After September the change to the final product, nitrate, be- 
came slower and the concentration of nitrite increased. Later there was little 
change as the water passed downstream and organic matter persisted as such for a 
considerable distance. It thus appears that in the summer the Tees can recover in a 
comparatively short distance from the effects of the pollution introduced by the 
Skerne but that when the water temperature is low self-purification proceeds at a 
very much slower rate. 
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Fic. 7—Percentage Changes in Quantities of Free and Saline 
Ammonia, Nitrite and Nitrate between Croft and Low 
Middleton Ford. 

December 1930-January 1932 


From the curves in Figure 8 it will be noted that in general the quantity of 
organic nitrogen was greater at all stations from Cé to B than the sum of the 
quantities at Stations F and E. There are several possible explanations of this. 
Additional nitrogen may have been derived from discharges of small quantities 
of sewage at various points between Croft and Low Middleton Ford, from decaying 
plant remains, from free-floating micro-organisms, or from drainage from adjacent 
manured land. 


Some confirmation of the conclusions drawn from examination of the river 
water was obtained when samples of water collected from Station C (Eryholme) in 
February and August 1932 were stirred in tanks in the laboratory at room 
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Fic. 8—Percentage Changes in Quantities of 
Albuminoid Ammonia and Organic Nitrogen between 
Croft and Low Middleton Ford. 

December 1930-January 1932 


temperature for 17 days and the changes in concentrations of free ammonia 

and nitrite were determined. The results of these experiments are shown 

graphically in Figure 9, in which the curves represent the percentage 

increases and decreases in the constituents in comparison with the quantities 
FEBRUARY 1932. AUGUST 1932. 
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Fic. 9—Changes in Water from Station C (Eryholme) on Storage 
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in the samples as collected. After stirring for 17 days the quantity of 
ammonia in the sample collected in February 1932 had increased by about 
60 per cent. and the quantity of nitrite had increased by 175 per cent. On 
the other hand, the free ammonia in the sample collected in August 1932 decreased 
in the same time by about 40 per cent. and the nitrite decreased by about 90 per 
cent. It is clear therefore that the sample obtained during the colder weather of 
February, when the temperature of the river water was 5°C., contained more un- 
oxidised organic matter than the sample collected during the warmer weather in 
August, when the temperature of the water was 17°C. Figure 9 also includes 
curves showing the changes in relative counts of saprophytic bacteria. In the 
sample collected in February the bacterial count increased by nearly 60 times in 
6 days and then decreased until after 17 days it was about 6 times the original 
value. In the sample collected in August, however, the bacterial count remained 
practically unchanged during the 17 days of the experiment. | 
As a point of interest some experiments were carried out in the laboratory on 
the relative rates of decomposition at 15° and 20°C. of urea, which is one of the 
constituents of sewage. Solutions containing 0-1 per cent. of urea were made up in 
tap water (not peaty) and in natural peaty water. These solutions were gently stirred 
for six days and at intervals of one day during this period small samples were with- 
drawn and examined for free ammonia. The results of the experiments are shown 
diagrammatically in Figure 10. Ammonia was produced more rapidly at 20° C. than 
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Fic. 10—Decomposition of Urea in Peaty and Tap 
Water at 15° and 20°C. 


at 15°C. and in greater quantity in the mixture with peaty water than in that 
with tap water. The differences between solutions in tap water and in peaty 
water may have been due to differences in the bacterial flora or to some action of 
colloidal peaty matter, or partly to additional nitrogenous compounds in the peat. 
In this connection it might be mentioned that Raschig’) observed that ammonia 
can be oxidised quantitatively to hydrazine by hypochlorite in the presence of a 
trace of the colloids glue or gelatine, whereas in the absence of these colloids no 
hydrazine is formed. 
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Permanganate Oxidation Tests 


From experiments with dilute solutions of about 25 pure organic substances of 
different types, it was concluded that many organic substances of the kind associated 
with sewage can be completely oxidised by boiling in alkaline solution with N/8 
potassium permanganate for 30 minutes. With N/80 potassium permanganate in 
acid solution at 80°F., however, only part of the organic matter is oxidised and the 
extent of the oxidation varies with the nature of the organic compound. Complex 
substances of the kind present in fresh sewage are not so readily oxidised by acid 
permanganate as the simpler decomposition products. Some indication of the 
extent to which sewage has been decomposed should therefore be obtained from the 
ratio of the amount of oxidation with alkaline permanganate to that with acid 
permanganate. The numerator, representing almost complete theoretical oxidation, 
will not alter, while the denominator will increase as the molecule becomes less 
complex so that a higher ratio will be obtained with, for example, a carbohydrate 
than with its decomposition products. In samples of water collected during the 
period December 1930 to January 1932 from Stations Qa and F down to B on the 
Tees and from Station E on the Skerne, the ratios were much lower for the samples 
collected through the summer months than during the winter months, indicating 


greater decomposition of sewage to simpler products with a rise in the temperature of 
the river water. 


Bacterial Counts and Biochemical Oxygen Demand 


Bacterial counts of viable organisms growing on agar at 20°C. and at 37°C., 
obtained with a of water from the stations from C3 down to B are shown in 
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Fic. 11—Biochemical Oxygen Demand, in parts per 
om 100,000, of River Water between Croft and Low 
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Counts at coe Fand E. 
December 1930-January 1932 
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Figure 11 as percentages of the sum of the counts at Stations Fand E. The Figure 
also includes curves for the results of the tests for biochemical oxygen demand at 
the same stations. 

The curves for saprophytic bacteria growing on agar at 20°C. indicate that the 
numbers at Station C8 were greater in the winter months than at Stations F and E. 
There were also relatively large numbers of saprophytic bacteria at the lower stations 
downto B. Inthe summer however the numbers of saprophytic bacteria were lower 
from C8 to B than at F and E. It would seem that, with the pollution by sewage 
in this part of the Tees, the bacteria attained their maximum development in the 
summer before they reached Station Cé and had begun to decline in numbers. 
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Fic. 12—Monthly Averages of Bacteria growing on Agar at 20°C. in Water passing Station N 
(Barnard Castile). Bacterial Counts multiplied by River Flow to give Numbers of Bacteria 
passing Station N per Minute. 

January 1931-March 1932 
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Fic. 183—Average Number of Bacteria passing 
Station N (Barnard Castle) per Minute at 
/Various Temperatures. Averages obtained 

from Number of Bacterial Colomes grown on 
Agar after Three Days Incubation at 20°C. 
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There appeared to be no definite seasonal variation in the numbers of pathogenic 
bacteria growing on agar at 37°C. nor in the figures for biochemical oxygen demand. 


In addition to the bacteriological examination of samples from Stations between 
Croft and Low Middleton Ford, samples collected each day from Station N, just 
above Barnard Castle, were also examined for saprophytic bacteria. The counts 
were then multiplied by the relative flows of the river at the time of sampling and 
the averages of these results for each month from January 1931 to March 1932 are 
shown graphically in Figure 12. The average temperatures of the river water 
during this period are also shown on the figure. These curves indicate that the 
numbers of saprophytic bacteria were greater during the warm summer months 
than during the cold winter months. At Station N the river is not appreciably 
polluted by sewage. The marked rise in the numbers of saprophytic bacteria when 
the temperature of the river water rose above about 10°C. is more clearly seen in 
Figure 13 which shows the increase in the monthly averages of numbers of bacteria 
growing on agar at 20°C. with increase in the average temperature of the water. 


Dissolved Oxygen 


When river water polluted with sewage is purified by natural processes the 
biological oxidation of the organic matter of the sewage is brought about by the 
dissolved oxygen in the water. At the same time the water dissolves further quan- 
tities of oxygen from the air above its surface and it mayalso be oxygenated as a result 
of the photosynthetic activity of plants. If the sewage takes up oxygen at a rate 
different from that at which the water is re-oxygenated by these methods, 
the concentration of oxygen in the water must change. It is clear therefore that 
seasonal variations in the rate of self-purification of the river from pollution by 
sewage are likely to have an effect on the concentration of dissolved oxygen. 

The results of determinations of concentrations of dissolved oxygen in the 


Tees at various stations and in the Skerne at Station E are shown graphically in 
Figures 14 and 15 for the two periods June 1929 to May 1930 and December 1930 to 
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Fic. 14—Dissolved Oxygen as Percentage of Saturation Value at Various Stations on the River Tees and at 
Station E on the Skerne. 
June 1929-May 1930 


January 1932. At Stations S and F, where the Tees is not greatly polluted by 
sewage, no marked seasonal variations of dissolved oxygen were observed. From 
Croft to Eryholme (Stations D and C), below the entry of the polluted river Skerne, 
the concentration of dissolved oxygen was definitely lower during the summer 
months and the rate of decomposition of the sewage was at a maximum. Further 
down, at Low Middleton Ford (Station B), the concentration of dissolved oxygen was 
in general greater during the summer than in the winter. This again indicates that 
the decomposition of the sewage entering the river with the Skerne at Croft is 
almost complete at Station B in the summer but is still proceeding at this point in 
the winter. In the Skerne at Station E, below the Darlington sewage outfall, the 
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concentration of dissolved oxygen ranged between zero and 11 per cent. of the satura- 
tion value in the months July to October of 1929. The concentration then in- 
creased rapidly until in February 1930 it had reached about 85 percent. During the 
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Fic. 15—Dissolved Oxygen as Percentage of Saturation 
Value at Various Stations on the River Tees and at 
Siation E on the Skerne. 

December 1930- January 1932 


period December 1930 to January 1932 the changes in dissolved oxygen at Station 
E were not so great as in 1929-30 but they were of the same general character. 
This difference may have been due to differences in the temperature of the water in 
the two years. 


INFLUENCE OF PEATY WATER 


As mentioned earlier in the report the river Tees rises on Cross Fell at about 
2,000 feet above sea level in an area with a considerable amount of peat. It is well 
known that peat contains various organic acids and brown colloidal matter which 
are readily taken up by water. It might be expected, therefore, that the colour 
and the acidity or alkalinity of the water flowing down the river would vary with the 
relative quantity of water draining from the moorland regions and consequently 
with the rainfall in that part of the watershed. Within a short distance, not more 
than a mile, of the source at Cross Fell, however, the river flows over limestone from 
which the water dissolves calcium carbonate in the form of the bicarbonate. Asa 
result the water becomes neutral or alkaline (6H 7-0 or greater) and its temporary 
hardness, due to calcium bicarbonate, increases. 

Several samples of water were collected in July 1932 from the peaty pools at 
the source on Cross Fell for analysis, and the results given in Table 16 were 
obtained. These results show that as the quantity of organic matter in the 
water (as measured by the tests for albuminoid ammonia, organic nitrogen, organic 
carbon, and oxygen taken up from permanganate) increases, the colour of the water 
also increases in intensity. 

With the object of studying the effect on the composition of the river water of 
variations in the quantities of watercollected from the uppermost gathering grounds, 
samples were collected almost daily during the period February to November 1930 
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TABLE 16—Analyses of Peaty Water from the Source of the Tees on Cross Fell 
Samples collected in July 1932 








pH value .. e Lf. a ¥ oA Hs 4-8 4-6 4-4 
Colour (A.P.H.A. units) .. ae ” f: 5 464 292 344 
Parts per 100,000 : 
Total solids ” Fis yy ob ee * — — 13-2 
(Ash 2-8) 
Temporary hardness nil nil nil 
Chloride (as Cl,).. 0-85 0-70 0-85 
Free ammonia (as N,) .. 0-06 0-05 0-05 
Albuminoid ammonia (as N,) .. 0-10 0-06 0-09 
Organic nitrogen Sa 0-26 0-12 0-16 
Organic carbon .. Fs ae es he 3:8 2-2 3-0 
Oxygen taken up from acid permanganate .. 3°5 1-9 2°7 
5:3 4-2 5:4 


Oxygen taken up from alkaline permanganate 





from Station N above Barnard Castle and were examined for #H value, colour, 
temporary hardness and chloride. At the times of collection of the samples the 
level of the river water was recorded and, from the levels and the results of previous 
gaugings, the flow of the river was calculated. A few results typical of changes 
during periods of flood from the upper gathering grounds are given in Table 17. 
Th the last column of Table 17 results are given of a few determinations of the 
quantities of oxygen taken up by samples of water in 4 hours from permanganate 
in acid solution at 80°F. These figures confirm the conclusion drawn from the 
analyses of peaty water (Table 16), that the quantities of oxidisable organic matter 
are greater in samples of higher colour intensities. 


TABLE 17—Analyses of Samples of River Water taken from Station N (above Barnard 
Castle) at Various Rates of Flow 


Temporary Chloride Oxygen taken 





ne © Temperature Colour | hardness He up from acid 
D flow os chlorine | Petmanganate 
ate water pH in 4 hours 
. A.P.H.A.| Parts 
Ueki Ke Units |CaCO, per | Fa0'S,P&" | Parts per 
Laotian ,000 , 100,000 
1930. 

Feb. 8 62 1:4 7°4 39 6-1 — — 
a8 62 1:3 7°6 26 7°8. a a= 
128 62 3-2 7°6 40 5-7 — — 

Mar. +1 102 2°3 7°5 55 4:0 — — 

Oh ee 125 2:5 7°5 56 3°5 — a 
SO 312 3:0 Pip! 80 2-0 — 0:55 
ae tO 312 2-9 6:8 80 1-7 — — 
eet | 425 3°4 6-8 85 1-2 — 0:48 
aS 230 4:4 7:0 70 2°7 — — 
vibe 62 1-9 7°6 40 5-2 — — 
ae 75 1:9 7:6 37 5-8 — —- 
PRE 62 1:9 FY: 30 6°7 —- a 

April 17 62 6°5 7°3 38 5:4 i | — 
vier | 187 7°9 7°5 48 4-7 1-1 —- 
25 1,300 7:7 71 130 2-5 1-2 0-86 
We BG 230 8-7 7°5 70 3°4 1-2 — 
pose 102 7°7 7°5 44 5-3 1-3 a 
EU 62 8-7 7°6 37 7:0 1:5 A 

May 2 62 9-7 i ioe 30 7:7 PZ ea 
” 7 62 8-6 7°8 25 8-3 1-1 — 

June 2 : 31 12-0 7°9 32 8-4 1-1 a+ 
Coes 2 62 12-7 7:9 27 9°5 1-2 wan 

July 2 31 19:5 7°8 75 8-4 1-2 = 
ha he Shr 13:5 7°6 520 2°1 0:8 1-62 
iy <2 > 1,650 13-6 7:6 420 1-6 1-0 1°43 
Ags 790 9-9 7°5 550 2°5 0:9 1-21 
Coes 187 13-1 7°5 230 3°8 0-7 — 

D 
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In general the results, of which the figures given in Table 17 are examples, 
showed no great variation in the concentration of chloride with changes in the 
quantity of water passing down the river. At periods of exceptionally high flows, 
however, the #H value fell and the temporary hardness of the water was lower than 
at times of normal flow and the water was more deeply coloured by brown peaty 
matter. Coincident with the increases in the concentrations of organic matter 
in the water during periods of flood there were small decreases in the concentrations 
of dissolved oxygen; possibly these decreases were due to the oxidation of some of 
the organic matter. 


a 


SOME CHARACTERISTICS OF PEATY WATER 


When samples of water from the peat pools near Cross Fell were examined | 
under the microscope, with a 2/3 objective and a X25 eyepiece and with dark 
ground iulumination, particles exhibiting Brownian movement were observed. 
Experiments also showed that the brown colouring matter in the water could be 
removed by means of ultrafilters but not by ordinary filter paper. After storage for 
a few days the brown colour of the samples became more intense, but after storage 
for longer periods some of the colouring matter was deposited leaving a paler liquid. 
It was also observed that the addition of alkali caused the sedimentation of a _ 
large proportion of the colouring matter; if at the same time a small quantity of an 
aqueous solution of copper sulphate was added the precipitate formed carried 
down the whole of the colouring matter and left a clear colourless supernatant 
liquid. These observations are in agreement with the view that the brown colouring 
matter was originally present in the form of a colloidal dispersion. 

With the object of determining the nature of the electric charge on the colloidal 
particles Dr. J. K. Marsh, of Queen’s University, Belfast, kindly examined samples 
of the peaty water and of river water from High Force by the method of cata- 
phoresis. The movement of the colloidal particles was observed when the samples 
were submitted to a potential gradient of about 6 volts per cm. After a few 
minutes brown colouring matter was observed moving at a velocity of about 2mm. 
per minute from the cathode to the anode and the water surrounding the cathode 
became definitely paler in colour, indicating that the colloidal particles were 
negatively charged. 

With the object of obtaining some information on the changes which may 
occur in the colloidal peaty matter in the water from near the source as it travels 
down stream, several series of samples were collected during floods from 
various positions from High Force down to Dinsdale (between Eryholme and 
Low Middleton Ford). These samples were examined, before and after filtration 
through paper, for colour and absorption of oxygen from permanganate. If 
coagulation of the coloured colloidal particles occurred as the water travelled down 
stream, the differences in colour and oxygen absorption between the samples as 
collected and after filtration should be greater farther down stream than nearer . 
the source. Results typical of those obtained in the several series of experiments 
are given in Table 18. These results in general show increases in the differences 
between the colour and oxygen absorption values of the original and filtered 
samples as the water travelled down stream, particularly below Croft. It should 
be observed however that the differences in the colour and oxygen absorption 
values of the filtered samples from the various positions were relatively small, 
while the values for the original samples from the lower positions were greater than 
from the positions farther up stream. It may be that the changes observed were due 
to coagulation of peaty colloids, possibly accelerated by the presence of sewage, 
and to an increase in the suspended matter derived from the banks and surrounding 
land. Some experiments were carried out in the laboratory with suspensions of 
mud in distilled water with and without the addition of 5 per cent. of sewage. The 
mixtures were allowed to stand for 24 hours and the supernatant liquids were 
then filtered through paper. It was found that the turbidities of the filtrates 
from the mixtures with sewage were less than those of the filtrates from the 
mixtures not containing sewage. 


As a point of interest it might be mentioned that during the period of the 
survey some difficulty was experienced at the Darlington water works due to 
colloidal peaty matter in the water, which caused clogging of the filters. The Dar- 
lington supply is drawn from the Tees near Low Coniscliffe, several miles above 
Croft. Addition of alum, alone and with lime water and with chalk, was tried with 
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TABLE 18—Colour and Oxygen Absorption of Samples of Water Collected from Various 
Positions on the River Tees during a Fresh Water Flood on 16th June, 1932 


Oxygen taken up from acid 
Colour. A.P.H.A. units permanganate in 4 hours at 80°F. 
Parts per 100,000 





Position 
or pH 
Station Sample Sample Sample Sample 
before after Difference before after Difference 
filtration | filtration filtration | filtration 
S 6:7 200 200 0 1:8 1-7 0-1 
Oa 6-6 190 170 20 1:8 1-7 0-1 
O 6:7 200 190 10 1:8 1:7 0-1 
O af hs he S| 210 190 20 1:8 1-6 0:2 
Whorlton (2 miles 
below H) . | 68 210 190 20 1:8 1:7 0-1 
G | 6°8 210 180 30 1:8 1-7 0-1 
F 6:9 230 190 40 1:9 1-7 0-2 
C ne eed oy Ap 220 160 60 1:8 1:6 0:2 
Dinsdale (between 
C and B) Sah at Be 280 160 120 2°2 1:6 0:6 


the object of coagulating and precipitating the colouring matter, but the method was 
not successful under all conditions. Experiments carried out at the Tees Survey 
Laboratory at Barnard Castle showed that satisfactory coagulation and sedimenta- 
tion could be obtained by the addition of lime and aluminoferric with a ratio of iron 
to aluminium of about 2:5 or by the addition of aluminoferric and sodium aluminate. 
A description of the method of coagulation and sedimentation now in use at Darling- 
ton has been given by Minors and Stock®’. 
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CHAPTER VI 


DIURNAL VARIATION OF SOME CONSTITUENTS OF THE RIVER 
WATER 


EARLIER OBSERVATIONS ON THE RIVER LARK 


During the course of an investigation on the river Lark, Suffolk, of the effects 
on the water of discharges of effluent from a beet sugar factory, Butcher, Pentelow 
and Woodley™ studied the changes in the composition of the water at intervals 
during periods of 24 hours. They observed that the concentration of dissolved 
oxygen varied considerably; it reached a maximum value in the afternoon and 
fell to a minimum during the night. This variation is ascribed to the photo- 
synthetic activity of green plants whereby carbon dioxide is taken up and oxygen 
liberated during the hours of sunlight. During the night photosynthetic production 
of oxygen ceases while the chemical and biological activities associated with the 
absorption of oxygen continue so that the minimum values of dissolved oxygen 
in the water are obtained during the hours of darkness. The fH value of the water 
exhibited similar diurnal variations with maxima in the afternoon and minima at 
night. The concentration of free and saline ammonia was found with one or two 
exceptions to vary in a direction opposite to that of dissolved oxygen, that is 
the concentration of free and saline ammonia was greater during the night than 
during the day. 


OBSERVATIONS ON THE RIVER TEES 


Similar and in some respects more detailed observations were included in the 
survey of the upper reaches of the river Tees. In all, between May 1929 and June 
1931, 14 series of observations were carried out at Stations C, Ca and L (Eryholme, 
Neasham Hall Bridge, and Barnard Castle), with some observations at Qa (Holwick 
Bridge) and at D (Croft Bridge, below the Skerne). These observations, generally 
at hourly intervals, included determinations of temperature, fH value, alkalinity to 
phenolphthalein and methyl orange, and concentrations of dissolved oxygen and of 
nitrogen as free and saline ammonia, nitrite, nitrate, albuminoid ammonia, and 
organic nitrogen; in addition some counts of bacteria were made. For the pur- 
pose of this report it is sufficient to consider the results of a few typical series of 
observations. 


Observation A. 


Station C (Eryholme). 3rd—4th July, 1929. (Figure 16). Sunset 3rd July - 
8.20 p.m. G.M.T., sunrise 4th July 3.48 a.m. G.M.T. Weather fine, sunny, hot. 
Mean water temperature 16-7° C. Large growths of Cladophora in the river. 
River level steady. 

The concentration of dissolved oxygen reached 163-4 per cent. of the satura- 
tion value at 3 p.m. on 3rd July and decreased to a minimum of 60-3 per cent. at 
5 am. on 4th July. The fH attained its highest value, 8-55, at 4 p.m. on 3rd 
July; it remained at 8-4 to 8-55 from 2 to 10 p.m. after which it decreased to 
7-65 at 7a.m.on 4th July. The alkalinity of the water was determined by titration 
with 0-1N sulphuric acid, using phenolphthalein followed by methyl orange as 
indicators. Titration with phenolphthalein measures hydrate and half the amount 
of carbonate but none of the bicarbonate, while titration with methyl orange mea- 
sures the remainder of the alkalinity, that is all the bicarbonate and half of the 
carbonate. Thus when a water is alkaline to phenolphthalein it may contain 
normal carbonate and bicarbonate or hydrate and normal carbonate but no free 
carbon dioxide. 

On Figure 16 two alkalinity curves are shown; one represents the bicarbonate 
alkalinity calculated as calcium carbonate (CaCOs3),as given by titration with phenol- 
phthalein and methyl orange, and the other gives the alkalinity to phenolphthalein, 
calculated as sodium carbonate (Na,CO,;). A curve for Na,CO, appears only for the 
period 2 p.m. to 10 p.m. on 3rd July, as outside this period the water was acid to 
phenolphthalein. Maximum alkalinity to phenolphthalein was obtained from 
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Fic. 16—Diurnal Variations in the Water of 
the River Tees at Station C (Eryholme) 


6 p.m. to8p.m. At the same time the bicarbonate alkalinity was at a minimum ; 
it attained its maximum during the night. 


Observation B. 


Station C (Eryholme). 7th-8th August, 1929. (Figure 16). Sunset 
7th August 7.39 p.m. G.M.T., sunrise 8th August 4.33 a.m. G.M.T. Weather 
sunny. Mean water temperature 13-5°C. No growth of Cladophora. 


Practically no diurnal variation of dissolved oxygen was observed and the 
water was at no period alkaline to phenolphthalein. The decrease of bicarbonate 
alkalinity during the night was due to a small flood which arrived during the course 
of the observations. 


Discussion of Observations A and B. 


When Cladophora was present in the river a large diurnal variation of dissolved 
oxygen was observed. This was undoubtedly caused by the photosynthetic activity 
of the plants which in sunlight absorbed carbon dioxide and emitted oxygen. To 
_ obtain the carbon dioxide necessary for the photosynthetic reaction, calcium bi- 
carbonate was converted into calcium carbonate. Thus during the period of 
greatest photosynthetic activity the bicarbonate content of the water fell to a 
minimum and the normal carbonate increased correspondingly. Later, when the 
production of carbon dioxide by respiration exceeded absorption by photosynthesis, 
carbonate was reconverted into bicarbonate. At the same station during the summer 
but after the growths of Cladophora had disappeared, the diurnal variation of dis- 
solved oxygen was negligible and the water was never alkaline to phenolphthalein. 
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In the water of the upper reaches of the Tees supersaturation with oxygen was 
always coincident with an alkalinity towards phenolphthalein, from which it is 
inferred that it is only as a result of photosynthesis, when large quantities of carbon 
dioxide are taken up, that such conditions can be realised. 

That the water of the upper Tees can become supersaturated with oxygen only 
as a result of photosynthesis was shown by a series of observations at High Force and 
Cauldron Snout where concentrations of dissolved oxygen ranging from 88 to 96 per 
cent. of the saturation value were not appreciably changed by passing the waterfalls. 
Further a sample of flood water containing about the same amount of dissolved 
oxygen was aerated for several hours in the laboratory without effecting any very 
material increase in its content of dissolved oxygen. On the other hand when the 
same sample was put in a tank with a moss (Hypnum sp.) and exposed to sunlight, 
the dissolved oxygen content increased rapidly during the first few hours. 


Observation C. . 


Station Ca (Neasham Hall Bridge). 3rd—4th March, 1930. (Table 19). Sunset 
3rd March 5.43 p.m. G.M.T., sunrise 4th March 6.41 a.m. G.M.T. Weather fine, 
sunny. Mean water temperature, 4°C. Cladophora absent. 

There was practically no variation of dissolved oxygen nor of #H value during 
the period but the nitrogen as free and saline ammonia increased after 10 p.m. toa 
maximum at midnight (0-015 to 0-035 part per 100,000) and then remained steady. 
Nitrogen as nitrite increased after 6 p.m. and attained a maximum at 3 a.m. 
(0-0004 to 0-0015 part per 100,000). Nitrogen as nitrate remained fairly steady 
until 6 a.m. after which it increased until 12 noon on 4th March (0-05 to 0-09 part 
per 100,000). The water level fell slightly during the early morning and this 
might partly account for the fact that the concentrations of nitrogenous substances 
on the 4th March were greater than on the 3rd March. 

Counts of bacteria growing on agar for 9 days at 20°C. increased from 4 p.m. to 
6 p.m.; after 6 p.m. there was a very rapid increase to a maximum at 6 a.m. on 
4th March. This was followed by a small decrease at 8 a.m. after which the 
numbers decreased rapidly until 12 noon on 4th March. 


TABLE 19—Dturnal Variation in Nitrogenous Constituents of the River Water and in 
Bacterial Counts at Station Ca (Neasham Hall Bridge) 












































| 
| Parts of nitrogen per 100,000 Bacteria 
on agar 
Date G.M.T. | at 20°C, 
Free and ae : es Total 
| saline Albuminoid Pea mee organic Thousands 
Beat AE es | ammonia | nitrogen | nitrogen nitrogen | Per inte 
| 
3-4 March 2 p.m. 0-015 0-018 0-0004 0-050 0-18 20 
1930 4 p.m. 0-015 | pce 0-0004 ; 0-050 — 10 
6 p.m. 0-015 0-026 0-0004 0-055 0-31 30 
8 p.m. 0-015 7 0-0007 0-065 — 30 
10 p.m. 0-015 0-043 0-0008 0-050 0-25 40 
12 midn. 0-035 eae 0-0010 0-050 — 40 
2-a.m: 0-030 0-026 0-0014 0-065 0-19 -90 
4 a.m. 0-035 2 0-0015 0-030 — 110 
6 a.m. 0-035 0-029 0:0013 0-060 0-30 150 
8 a.m. 0-035 — 0-0011 0-085 — 120 
10 a.m. 0-030 0-017 0:0013 0-080 0:33 40 
12 noon 0-030 — 0-0005 0-090 — 50 
27-28 May, 1 p.m. 0-006 0-014 0-0040 0-045 ‘0°16 60 
1930. 3 p.m. 0-007 0-014 0-0050 0-040 0:23 100 
5 p.m. 0-007 0-016 0-0050 0-035 0-02 110 
7 p.m. 0-008 0-013 0-0056 0-035 0-03 110 
9 p.m. 0-008 0-010 0-0056 0-035 0-11 140 
11 p.m. 0-007 0-012 0-0063 0-025 0-02 160 
| 1 a.m. 0-006 0-011 0-0054 0-030 0-02 130 
3:ain! 0-006 0-012 0:0050 0-030 0-26 180 
| 5 a.m. 0-006 | 0-012 | 0-0050 | 0-030 | 0-01 190 
7 a.m. 0-006 0-011 0-0050 0-035 0-10 70 
| 9am. | 0-006 | 0-014 | 0-0034 | 0-030 | 0-20 120 
11 a.m. ’ 0-006 0-018 0:0047 0-035 0:13 110 
1 p.m. 0-004 | 0-014 0-0040 0-030 | 0-30 70 
| 
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Observation D. 


Station Ca (Neasham Hall Bridge). 27th-28th May 1930. (Table 19). Sunset 
27th May 8 p.m. G.M.T., sunrise 28th May 3.53 a.m. G.M.T. Weather sunny, hot. 
Mean water temperature 15-9°C. Growths of Cladophora in the river. 

The variations in concentration of dissolved oxygen and in the pH value were 
similar to those already described for Observation A, where photosynthesis occurred. 
There was no well-defined variation of nitrogen as free and saline ammonia (0: 004- 
0-008 part per 100,000). Nitrogen as nitrite attained a maximum at 11 p.m. on 
27th May (0-0034-0-0063 part per 100,000). Nitrogen as nitrate and as albumi- 
noid ammonia showed practically no variation. The counts of bacteria growing on 
agar for 7 days at 20°C. increased to a maximum at 5 a.m. (60,000-190,000 per ml.). 


Observation E. 


Station Ca (Neasham Hall Bridge). 4th-5th May, 1931. Sunset 4th May 
7.26 p.m. G.M.T., sunrise 5th May 4.27 a.m. G.M.T. Weather, sun and clouds. 
Mean water temperature, 10-5°C. Cladophora absent. 

There was a diurnal variation of dissolved oxygen ; the maximum concentra- 
tion occurred at 3 p.m.on the 4th and the minimum at 6 a.m. on the 5th May (110-80 
per cent. of the saturation value). There was practically no variation in the con- 
centration of nitrogenous substances nor in the counts of bacteria. 


Discussion of Observations C, D, and E. 


At Station Ca in March 1930 a well-defined periodicity in the numbers of sapro- 
phytic bacteria was observed. There was a maximum reproduction of these or- 
ganisms during the night and at the same time there was a significant production of 
inorganic nitrogenous substances and the rate of decomposition of organic nitro- 
genous substances was ata maximum. Thus during the night there was, along with 
increased bacterial activity, an increase in the rate of decomposition of organic 
matter derived from sewage. At the same Station in May 1930 the diurnal varia- 
tion in the decomposition of organic matter wasmuchsmaller though still observable. 
In May 1931 no diurnal change in the:concentration of nitrogenous substances was 
observed. 

It is necessary at this stage to point out that no relationship was observed 
between the photosynthetic production of oxygen and the rate of decomposition of 
organic matter ; it appears that in the particular circumstances these processes were 
independent of one another. 

In Chapter V the seasonal variation in the decomposition of sewage in the river 
below Croft was discussed and the conclusion was reached that the rate of this 
decomposition was dependent mainly on the temperature of the water. In summer 
with high temperatures there was a rapid decomposition of the sewage and self- 
purification of the river was nearing completion a few miles below Croft. In winter 
on the other hand the decomposition was slow and evidence of sewage pollution was 
obtained 15 miles down stream. 

Station Ca, where the diurnal observations C, D, and E were carried out, is 
about 6 miles below Croft, and during the hot summer months the decomposition of 
the sewage in the river had largely taken place before this point was reached. 
The numbers of bacteria had attained their maximum and in the absence of a 
suitable organic medium had diminished so that in summer the amount of decom- 
position that could proceed at this station was small. Consequently it is not sur- 
prising that no diurnal variation in the decomposition of sewage was found in May 
1931. The variation of nitrite and absence of variation of free ammonia at Station 
Ca in May 1930 can be explained on the assumption that although the main pro- 
duction of free and saline ammonia was nearly over at this point, the second or 
nitrite stage of decomposition was present. In Chapter V, May was cited as being 
the month during the summer of 1931 in which the rate of self-purification of the 
river was at a maximum. In early spring, however, when bacterial activity was 
not so great and the stretch in which decomposition was proceeding extended 
farther below Croft to include Station Ca, suitable conditions existed for diurnal 
variation in the decomposition of organic matter; in March 1930 such variation was 
found. 

At Station Qa (Holwick Bridge) where the amount of pollution in the river was 
very small no diurnal variation of nitrogenous substances was found although some 
nitrogenous substances were present. It thus appears reasonable to conclude that 
such diurnal variation canonly take place belowasource of pollution. Further, owing 

D4 


42 SURVEY OF THE RIVER TEES—NON-TIDAL REACHES 


to the seasonal variation in the rate of decomposition of sewage in the river, an 
appreciable diurnal variation of nitrogenous substances at positions some distance 
below the sewage outfall was observed only at certain times of the year. As the 
rate of decomposition is dependent on temperature no measurable variation can be 
expected in very cold weather until the polluted water has travelled many miles 
down stream. Observations near Station D below Croft when the mean temperature 
of the water was 1-3°C. showed no diurnal variation. 


PENETRATION OF LIGHT INTO THE WATER OF THE RIVER TEES 


Some measurements of the penetration of light into the water of the River Tees 
were made by means of a caesium photoelectric cell connected to a micro-ammeter. 
This cell had a maximum sensitivity for light of a wave length about 5,300 Ang- 
str6m units. In one series when the water was deeply coloured (145 A.P.H.A. 
units) the intensity of the daylight at a depth of not more than one inch, as 
measured by the particular cell, was about 620 foot candles. At a depth of 44 feet 
the intensity was about 30 foot candles, or less than 5 per cent. of the intensity 
just below the surface. A colour as deep as 145 A.P.H.A. units is not normal for 
the water of the river Tees and is found only during floods from the uppermost 
reaches. Under more usual conditions, such as those at the times of the observa- 
tions on diurnal variations, the water is much clearer and more light penetrates to 
reach the various plants, whose photosynthetic activity affects the condition of the 


water. 
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CHAPTER VII 


SOME LABORATORY EXPERIMENTS ON THE EFFECT OF TEMPERA- 
TURE AND EXPOSURE TO LIGHT ON THE DECOMPOSITION OF SEWAGE 
IN RIVER WATER 


The observations described in Chapter V, in the section dealing with the 
seasonal variations in the decomposition of sewage in the river water, led to the 
conclusion that the rate of decomposition of sewage in the stretch of the river 
between Croft and Eryholme was much greater during the warm summer months 
than during the cold winter months. This marked difference was probably due 
mainly to the higher temperature of the water in the summer although it seemed 
likely that the greater intensity of sunlight in the summer months had an effect. 
With the object of obtaining further information on the effects of temperature and 
light some experiments were carried out with mixtures of sewage and river water 
under controlled conditions in the laboratory at Barnard Castle. These experi- 
ments can only be considered as of a preliminary character; the subject requires 
further investigation if the effects of these two factors, especially light, are to be 
properly assessed. It is considered, however, that some results typical of those 
obtained at Barnard Castle might usefully be given at this stage. 

In the first series of experiments on the effect of temperature, mixtures of river 
water from the Tees near Barnard Castle with untreated sewage from Darlington 
were stirred by revolving paddles in glass tanks for two or three weeks. Each 
tank had a capacity of about 90 litres. The samples of sewage from the Darlington 
sewage works were collected at about mid-day under normal conditions of sewage 
flow and the mixtures with river water were made up to contain either 3 or 9 per 
cent. of sewage by volume. The temperatures of the mixtures were thermo- 
statically controlled during stirring at 8°, 11°, 15° and 20°C. At intervals during 
each experiment samples of the mixtures were withdrawn for chemical and bac- 
teriological examination. 

_ Some of the results of one set of three experiments at 11°, 15° and 20°C., with 
river water containing 9 per cent. of sewage, over a period of 19 days, are given in 
Figure 17 and Table 20. In these experiments where no form of aeration other than 
stirring was used, the concentration of dissolved oxygen never fell below 47 per cent. 
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Fic. 17—Content of Free and Saline Ammonia, Nitrate and 
Nitrite in River Water containing 9 per cent. Sewage 
by Volume, after stirring in Tanks in the Laboratory 
for Different Periods of Time at 11°, 15° and 20°C. 
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of the saturation value and was usually much higher, so that there was always 
sufficient dissolved oxygen to encourage aerobic decomposition of sewage. In each 
case the numbers of bacteria increased rapidly and then decreased. The rate of 
decrease was most marked at 20°C. and least at 11°C. During the period of decrease 
in bacterial count the number of protozoa increased. 

During the first few days the quantity of nitrogen in the form of free and 
saline ammonia increased ; at 20°C. it reached a maximum on the fifth day and then 
rapidly decreased until after 12 days the quantity was only about one-fifth of that 
originally present. At 15°C. the free and saline ammonia did not reach its maximum 
concentration until after 7 days and at 11°C. not until after 12 days; after 19 days 
at 15°C. it had fallen to about one-fifth of that originally present but at 11°C. it was, 
after 19 days, about 20 per cent. greater than at the beginning of the experiment. 
The concentration of nitrous nitrogen at 20°C. increased gradually during the first 
five days from 0-003 to 0-009 part per 100,000 and then rapidly to 0-023 part on the 
7th and 0-32 on the 12th day. A rapid increase in the rate of production of 
nitrite did not occur at 15°C. until after the 7th day when it rose from 0-006 part 
per 100,000 to 0-027 on the 12th day and 0:40 on the 19th day. At 11°C. the con- 
centration of nitrite increased only slowly during the first 12 days from 0-003 to 
0-007 part per 100,000 and then rather more rapidly to 0-013 on the 19th day. 
Nitric nitrogen was not found in the samples from any one of the three experiments 
during the first five days; it was first detected at 20°C. on the 7th day and at 
15°C. on the 12th day, but it was absent even after 19 days at 11°C. The con- 
centrations of organic carbon and organic nitrogen, in general, decreased during the 
first few days and later increased; the changes from decrease to increase occurred 
earlier at 20°C. than at the lower temperatures. At 20°C. the biochemical oxygen 
demand of the mixture, as measured by the test for dissolved oxygen absorbed in 
five days, fell more rapidly than at 15°C. At 11°C. the fall was more uniform and 
slower than at 15°C. 

The significance of the results of tests for oxygen consumed from permanganate 
in 30 minutes at 100°C. and in four hours at 80°F. has been discussed in Chapter V. 
In the experiments at 20°C., the oxygen consumed in four hours remained steady for 
a time and then increased on the 12th day. At 15°C. it did not increase until the 
19th day and at 11°C. there was no increase in 19 days. The ratio of the “ 30 
minutes oxygen ”’ to the “ four hours oxygen ’’ was lowered more quickly at the 
higher temperatures. These facts lead to the conclusion that the rate of production 
of simple decomposition products was greater at 20°C. than at 15°C. and at 15°C. 
than at 11°C. 

It will be noticed from Figure 17 that at 15° and 20°C. there was a large produc- 
tion of nitrite after five to seven days. Before this period there was an increase of 
nitrogen as free and saline ammonia and it was not until after this began to diminish 
that any marked production of nitrite was observed. At the same time there was 
an increase in the sum of the inorganic and organic nitrogen. [or example at 20°C., 
the total nitrogen increased between the 7th and 12th days from 0-65 to 0-85 
part per 100,000, while the nitrogen as nitrite increased from 0-023 to 0-320 part. 
At 15°C. the total nitrogen increased between the 12th and 19th days from 
0-69 to 0-78 part per 100,000 and the nitrogen as nitrite rose from 0-027 to 0-400 
part. In the experiment at 11°C., nitrogen as nitrite increased by only a small 
amount between the 12th and 19th days from 0-007 to 0-013 part per 100,000 
and the increase in total nitrogen, from 0-65 to 0-70 part per 100,000, was 
also smaller than at 15°C. 3 

Experiments of this kind confirm the view that, over the range of temperatures 
studied (8°-20°C.), while the rate of self-purification of river water from pollution by 
sewage increases with rise of temperature, the self-purification processes might 
be considered as taking place in three stages, as follows :—(1) Development 
of bacteria and decomposition of complex organic substances with the pro- 
duction of compounds of ammonia; (2) reduction in numbers of bacteria and 
increase in numbers of protozoa and the production of large quantities of nitrite 
with an increase in total quantity of nitrogen ; and (3) production of nitrate and the 
formation generally of simple products of oxidation of organic matter. This scheme 
is only approximate as the stages of decomposition overlap to some extent. 

In some of the experiments in the laboratory the mixtures of river water and 
sewage were exposed for measured periods of time to the light emitted from a 
‘‘pointolite’ electric lamp. The relative intensity of the illumination in the 
different experiments was measured by means of a calibrated photo-electric cell 
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in circuit with a micro-ammeter. These experiments were only of a preliminary 
character but they indicated that under conditions of intermittent exposure to 
light the rate of self-purification of the river water from pollution by sewage is 
greater than when the mixture is continuously exposed to light or is kept in darkness 
throughout the period of the experiment. In all the experiments on the decomposi- 
tion of sewage and river water in tanks it has been found that the numbers of 
bacteria are never constant, that is, they are either increasing or decreasing. It was 
only with continuous exposure to light that the numbers of bacteria remained about 
the same. It appeared too that with this stabilisation in numbers of bacteria there 
was also a tendency towards chemical stability of the mixture. This leads to the 
suggestion that decomposition of sewage in mixtures with river water is related in 
some way to numerical changes of bacteria.” 


It should, however, be mentioned that the rates of purification observed in the 
experiments in the laboratory at 8° to 20°C. appeared to be much slower than those 
observed at similar temperatures under natural conditions in the river Tees between 
Croft and Yarm. This difference may have been due partly to the fact that the 
untreated sewage used in the experiments in the laboratory was much stronger 
than the sewage effluent carried into the river Tees by the Skerne at Croft. Further 
the fauna and flora of the river could not be reproduced in laboratory experiments 
and the character and intensity of the light to which the river water is exposed 
under natural conditions were not realised. 


The observations already discussed in Chapter V indicated that the decomposi- 
tion of sewage in the river is dependent mainly on temperature. The results of ex- 
amination of the water of the river from Croft to Low Middleton Ford also reveal 
evidence of the three stages of decomposition indicated by the experiments in the 
laboratory. The extent to which these stages of purification occur in the river 
during different times of the year is shown graphically in Figures 18 and 19 which 
have been constructed from the results of observations during the periods June 1929 
to May 1930 and December 1930 to January 1932 at various positions from Croft to 
Low Middleton Ford below the confluence of the Skerne and the Tees. During the 
warm summer months all three stages occurred at Station D, one-fifth of a mile 
below the entry of the Skerne, and only the later stages at Stations C and B farther 
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Fic. 18—Stdges of Decomposition of Sewage in the River 
Tees between Croft and Low Middleton Ford. 
June 1929-May 1930 
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Fig. 19—Stages of Decomposition of Sewage in the River Tees between 
Croft and Low Middleton Ford. 
December 1930-January 1932 


down the river. In the cold winter months, however, the third stage was often not 
reached as far down as Station B, which is approximately 17 miles below the point of 
entry of the river Skerne. 
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CHAPTER VIII 


EFFECT OF SEWAGE AND PRODUCTS OF ITS: DECOMPOSITION=® ON 
BROWN TROUT (SALMO TRUITA L.)™ 


There is a widespread belief that sewage is harmful to fish and may in certain cir- 
cumstances cause their death. When sewage is discharged into a river its complex 
organic constituents are decomposed during the natural processes of purification 
to produce simpler compounds which eventually break down to form such substances 
as salts, carbon dioxide and water. Ina study of the toxicity of sewage to fish the 
action of fresh sewage and sewage in different stages of aerobic and anaerobic 
fermentation requires consideration. 


The fish used in the experiments described in this chapter were brown trout 
(Salmo trutta L.), one to two years old and varying in weight from 3 to 27 gm. 
They were obtained from a commercial hatchery and remained healthy for long 
periods in tap water in tanks in the laboratory. Trout were chosen as the Salmoni- 
dae are the most valuable fish in the river Tees, and brown trout are more sensitive 
than coarse fish to most environmental conditions. It might be assumed, therefore, 
that if sewage had no ill effects on trout it would be harmless to fish such as dace, 
chub, flounders and eels. 


In each experiment four trout were placed in 12 litres of test mixture in a glass 
bowl. The toxicity of the mixture was then determined by noting the time at 
which two of the four fish lost, their equilibrium and turned over. When the fish 
survived for longer than two hours without overturning, the mixture was said to be 
non-toxic. Some experiments over longer periods were also carried out. 


FRESH SEWAGE AND PRODUCTS OF AEROBIC DECOMPOSITION 


Large quantities of oxygen are absorbed in the decomposition of sewage so 
that there is often very little or no dissolved oxygen in water to which sewage has 
been added. For this reason it was necessary to find the lowest concentration of 
oxygen in which fish could live. Gardner found that, at ordinary temperatures, 
trout could not live in unpolluted water with an oxygen concentration of only 10-20 
per cent. of the saturation value. A few comparable experiments conducted at 
Barnard Castle confirmed this, although it was found that the overturning time was 
not always the same with the same oxygen concentration. In two experiments, in 
which the oxygen concentrations just before the fish were removed were 16 and 19 
per cent., fish were alive after four and six hours respectively, while in two other ex- 
periments with the same oxygen range the overturning times were less than one and 
less than two hours. In general at the temperatures, 7°to 15°C., at which most of 
the experiments were carried out, it appears that fish survive for at least two hours in 
water in which the concentration of oxygen does not fall below 15 per cent. of the 
saturation value. 


For the purpose of the experiments with sewage, samples of crude sewage 
were obtained from the Darlington sewage works. The population of the district 
connected to the Darlington Corporation sewers is 72,000, and the normal dry 
weather flow is approximately 3-1 million gallons a day or about 43 gallons per 
person per day. Industrial effluents entering the sewers do not seriously affect the 
domestic character of the sewage. Since the strength of the sewage varies during 
the week, samples were collected just before mid-day on Tuesdays to ensure, as 
far as possible, uniform experimental conditions. Analyses showed that the samples 
collected in this way were similar in character. 


The following determinations were made on each sample of fresh sewage and 
on samples after storage under various conditions in the laboratory: free and 
saline ammonia, albuminoid ammonia, organic nitrogen, oxygen taken up from 
potassium permanganate in acid solution in four hours and from potassium perman- 
ganate in alkaline solution in 30 min., and biochemical oxygen demand in five days. 
The methods of analysis used are described in ‘‘ Methods of Chemical Analysis as 
applied to Sewage and Sewage Effluents.”’ ® 


EFFECT OF SEWAGE ON BROWN TROUT 
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A convenient way of comparing one sample of sewage with another is to cal- 
culate from the analytical figures the relative amounts of oxygen required to oxidise 
100,000 parts. For this purpose the following formula was used: 4-5 (free am- 
monia + organic nitrogen) + (10-4 x oxygen taken up from acid permanganate). 
The factor for oxygen consumed is 10-4 with 80 permanganate and 6:5 with = 
permanganate. The figure so obtained gives the relative strength of the sewage in 
terms of the oxygen absorbed from acid permanganate, so that it represents mainly 
the more readily oxidisable organic matter. Some typical analytical results and 
figures for strength are given in Table 21. The relation between strength and 
biochemical oxygen demand for the Darlington samples is indicated by the curve in 
Figure 20. From this curve it appears that B.O.D. is also a measure of the relative 
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STRENGTH OF SEWAGE. 
Fic. 20—Relation between Strength of Sewage and Biochemical Oxygen 
Demand (Five Days) 


concentration of readily oxidisable substances. Over long periods the results for 
B.O.D. show a steady increase for 30 days or more until oxidation is almost complete. 

During the survey the concentration of dissolved oxygen in the water of the 
non-tidal reaches of the Tees was never found to fall below 60 per cent. of the 
saturation value ; there was, therefore, always an ample supply of oxygen for fish. 
The experiments were accordingly planned to determine whether fresh and partially 
decomposed sewage contain toxic substances. From the results obtained, of which 
some typical examples are given in Table 21, Figure 21 has been constructed to 
show the relation between the toxicity and strength of fresh sewage, and the con- 
centration of dissolved oxygen at the beginning of the experiment. In the con- 
struction of this graph the abscissae represent the oxygen concentration and the 
ordinates the strength of the sewage. Points are plotted at the values of the 
strength and oxygen concentration and the times in minutes before the fish 
overturned are shown beside the corresponding points. The isopleth was completed 
by drawing lines to enclose overturning times of the same order. The vertical 
line No. 1 leaves on the left the results of those experiments in which the lack of 
oxygen was by itself sufficient to cause asphyxiation. On the right of line No. 1, 
the points above line No. 2 represent an average survival time of 32 minutes. 
Between lines Nos. 2 and 3 the average time of survival in fresh sewage was 110 
minutes, and below line No. 3 the overturning time with fresh sewage was greater 
than 120 minutes, the limit of duration of the experiments. 

The points enclosed in square brackets on the right of line 1, represent instances 
in which the oxygen fell to below 15 per cent. of the saturation value. It was 
observed that with increasing strength of sewage a shorter time was required for 
reduction of the oxygen concentration to this value. These bracketed points 
should therefore be considered with those on the left of line 1. Inspection of the 
diagram shows that with the same concentrations of dissolved oxygen, a strong 
sewage is more toxic to fish than a weak sewage, and that the toxicity of the sewage 
increases as the concentration of oxygen falls. 

On the same graph, the crosses refer to experiments on the toxicity of sewage 
which had been kept at 18-3°C. and stirred for one and two nights in an open tank. 
Below line 3, the average time of 59 minutes obtained with this partly decomposed 
sewage is much lower than the corresponding average time of 120 minutes with fresh 
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sewage, indicating that sewage increases in toxicity on storage for a day or two. 
The alteration in the calculated strength of a sewage which has been stored over- 
night at 18-3°C. is caused by a decrease in the amount of oxygen absorbed from 
acid permanganate. For example, as shown in Table 21, the strength figure of 124 
for a fresh sewage was reduced to 97 by storage, the decrease being caused by a 
reduction of the oxygen demand (multiplied by 10-4) from 92 to 65, while the sum 
of free ammonia and organic nitrogen (multiplied by 4-5) remained in both cases at 
32. Thus, when sewage is allowed to decompose under aerobic conditions, part of 
its unstable carbonaceous material disappears. In addition some of the organic 
nitrogenous matter is decomposed and the presence of the products of decomposition 
may account for the observed rise in the toxicity of the sewage. The change in the 
nature of the organic nitrogenous matter, as shown in Table 21, results in a decrease 
in organic nitrogen accompanied by an increase in nitrogen as free and albuminoid 
ammonia. 










FRESH SEWAGE. 
STORED AT ROOM TEMR °@ 
STORED !OR 2 NIGHTS , 
7. fei J.48 AT 18°C. 









=e 


[ AVERAGE OF TIMES | 
32 MIN 







04 


a) 


acid Parmanganate) 





i xex2 x8 
14x 2 x« 27] 
7» Zz o43 


*pI20) AVERAGES OF TIMES. 
. > 120 MIN. 
59 MIN. 


x 9® 


+10-4 (Oxygen taken up in 4hours at 80°F from 


10 


STRENGTH = 4-5 (Nitrogen as Free and Saline Ammonia + Organic Nitro: 


10 20 5) 40 50 60 70 80 90 100 
DISSOLVED OXYGEN 
a3 Percentage of Saturation Value at Beginning of ~ Experiment 


Fic. 21—Toxicity of Sewage to Trout (Salmo trutta L.) 


These experiments showed that both fresh and stored sewage contain oxidisable 
substances which at certain concentrations may be toxic to fish in two hours. 

To test the effect on fish of longer exposure to mixtures of sewage and water 
which were not toxic in two hours, a number of trout were kept for six days in a 
tank containing a mixture of 10 per cent. of fresh sewage in tap water. A fresh 
mixture of sewage and water was prepared every 12 hours and siphoned through 
the experimental tank at such a rate that the mixture was changed every 12 hours. 
A rapid and continuous stream of air was blown through the mixture so that the 
oxygen concentration never fell below 70 per cent. of the saturation value. There 
- was also a control experiment under the same conditions but with tap water 
instead of diluted sewage. The fish in both tanks were unaffected after six days. 


PrRopucts OF ANAEROBIC DECOMPOSITION 


In the study of the effects on trout of the products of anaerobic decomposition of 
sewage, the experimental conditions for the determination of toxicity were the same 
as in the experiments just described. Four fish, brown trout 1-2 years old, were 
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placed in 10 litres of test mixture and the time when two trout overturned was 
recorded. The duration of the experiments was limited to two hours and when none 
of the fish was affected during this period the mixture was considered to be non- 
toxic. Sewage for these experiments was first stored under anaerobic conditions in 
stoppered bottles, of about two and a half litres capacity, filled to the stopper. 
The toxicity of 10 per cent. mixtures with tap water was determined after different 
periods of storage. Concentrations of dissolved oxygen in these mixtures were 
always more than sufficient for fish. After storage for about two weeks the crude 
sewage became black and developed an offensive odour, i.e. it became septic. In 
this condition the sewage, in a 10 per cent. mixture with water, was toxic to trout. 
With longer periods of storage the toxicity increased, indicating the development ofa 
definite poison. In order to identify and examine this substance the following 
experiments were carried out. 

When the septic sewage was distilled, with or without steam, it gave a distillate 
with a toxicity rather less than that of the original septic liquid but the residue left 
after distillation was non-toxic in 10 per cent. admixture with water. Sewage 
acidified before distillation also gave a toxic distillate and a non-toxic residue. 
Distillation after the addition of alkali, however, gave a non-toxic distillate and 
left a residue as toxic as the original septic sewage. The toxicity was due therefore 
to some substance volatile in steam and acidic in character. It was found that the 
toxicity could be removed by careful treatment of the septic sewage with bromine 
water, by prolonged aeration, or by heating. 

It is well known that storage of sewage under anaerobic conditions causes the 
conversion of compounds of sulphur into sulphide and analysis showed that ap- 
preciable quantities of sulphide were present in the septic samples used in the ex- 
periments with fish. The toxicity of solutions of sodium sulphide in tap water at 
different H values was therefore investigated. Results of this investigation are 
shown in Fig. 22. With a solution of sodium sulphide containing 0-32 part of 
sulphur in 100,000 parts, the toxicity increased rapidly as the #H value of the 
solution was reduced from 9-0 to about 7-8, remained approximately constant in 
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Fic. 22—Influence of Hydrogen Ion Concentration on the 
Toxicity to Trout of a Pure Solution of Sodium Sulphide 
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the H range 7:6 to 6-9, and further increased as the H value was reduced below 
6:9. 


The toxicities of solutions of sodium sulphide in different concentrations in 
tap water were then determined; the pH value in each of these experiments was 
adjusted to lie within the range 6:9 to 7-6. From the results the curves in Fig. 23 
were constructed. Curve AB in this figure gives the relation between overturning 
time in minutes and the concentration of sulphide in parts of sulphur per 100,000. 
Curve CD shows the relation between concentration and toxicity expressed as 100 
divided by time of overturning. This curve has been extended by the broken line 


Time of Overturning in Minutes, 





Parts 5S. per 100,000 


Curve A-B represents NagS as parts S per 100,000 plotted against 
overturning time ( 

Curve C-D represents parts S per 100,000 plotted against 100, 

iy 


Fic. 23—Toxicity to Trout of Sodium Sulphide Solutions 


to cut the ordinate at X, indicating that concentrations less than 0-06 part sulphur, 
as sulphide, per 100,000 will not affect fish. This has been confirmed by experiments 
in which a solution of sodium sulphide with a concentration of 0-06 part sulphur 
per 100,000 had in one case no effect on four fish after two hours, whereas in another 
case one of the four fish overturned within two hours. With greater concentrations 
of sulphide the time of overturning diminishes until a concentration of about 0-30 
is reached, when fish overturn in approximately six minutes. With greater amounts 
of sulphide this time is not materially altered, e.g. with sulphide equivalent to 0-9 
part of sulphur per 100,000 the fish survived for five minutes. 


These experiments showed that concentrations of sulphide similar to those 
in septic sewage were toxic to fish. Experiments were then made to determine the 
progressive increase of toxicity of sewage as it was allowed to decompose under 
anaerobic conditions forvarious periods from 7 to 44 days and as its concentration of 
sulphide was thus increased. The method adopted was to estimate the sulphide 
content by means of iodine method", and at the same time to determine the toxicity 
of the sewage. The sulphide was then removed by acidifying the sewage with dilute 
sulphuric acid and boiling it under a reflux condenser until it became non-toxic. 
Sulphide removed in this way was then replaced by addition of an equivalent amount 
of a solution of sodium sulphide, the fH value was adjusted to 7-4, and the toxicity 
of this solution was determined. The results are shown in Fig. 24. On the figure 
the circles represent the relation between the sulphide content and the toxicity of the 
diluted septic sewage and the crosses represent the same relation for diluted sewage 
from which the sulphide had been first removed, and then replaced as already des- 
cribed. The crosses lie on a curve of values near to those of curve AB in Fig. 23, 
which implies that the toxicity of the septic sewage was due almost entirely to the 
sulphide. The circles do not lie accurately on this curve; the deviation is perhaps 
small enough to be within the limits of the variability of the fish. 


Sulphide has also been shown to be toxic to Japanese eels (Anguslla japonica) \® 
and to the American sunfish (Lepomis humilis Gir.) 4. 


Daniléenko and Cigirin ‘©, from work on the Black Sea, came to the conclusion 
that the reduction of sulphates by bacterial activity in the presence of organic 
KE 2 
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matter was a more important source of sulphide than the direct bacterial de- 
composition of the organic matter itself. The reduction takes place in two stages : 


1, CaSO, + 2C-CaS + 2CO, 
2. CaS + 2CO, + 2H,O—Ca(HCO,), + H,S 
The formation of a black mud below the entry of a sewage effluent into a river 
has been noticed in several cases, e.g. the Clyde”. The blackening has been shown 
to be due to ferrous sulphide which is formed according to the following reaction : 
H,s: ++ FeO = FeS-+ HO: 

On the access of air, ferrous sulphide is oxidised to sulphur and ferric oxide‘®. 
The damage to fisheries resulting from the washing into the water of this black mud 
will therefore be limited by the time necessary for this oxidation to be completed. 
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Fic, 24—Toxicily to Trout of Sulphide in Sewage. 
Tests made with mixtures containing 10 volumes 
of sewage to 90 volumes of added water 


Sulphides are formed in septic tanks where the treatment is based on the 
anaerobic decomposition of sewage and they may therefore also be present in the 
effluents from sewers and sewage treatment plants. Many industrial effluents 
contain sulphide in greater or less amounts. For example sulphide is present in 
the effluents produced in the gas industry, the by-product coking industry, the 
manufacture of artificial silk, the dyeing of textiles, expecially with sulphur dyes, 
the leather industry, alkali manufacture, etc. 


SUMMARY 


Fresh undiluted sewage contains unstable substances which are directly 
toxic to fish. Sewage which has been kept for one or two days and stirred in an 
open tank at 18°C. is more toxic than fresh sewage, possibly owing to the pro- 
duction of other toxic substances. It has also been shown that the bio-chemical 
oxygen demand is directly proportional to the strength of the sewage, which is 
closely related to toxicity. Consequently a large biochemical oxygen demand of 
fresh sewage indicates a certain degree of toxicity. 

When fresh sewage of average strength is discharged into an otherwise 
unpolluted river in concentrations up to 10 per cent. of the river water it appears to 
have no directly toxic effect on fish. A river can purify a certain amount of sewage 
effluent without becoming seriously deoxygenated, the amount depending on the 
size of the river. In the Tees below Croft the sewage effluent from Darlington forms 
3 to 4 per cent. of the river flow at normal summer levels. The dissolved oxygen 
content of the river Tees above Yarm during the survey never fell below 60 per 
cent. of the saturation value. A mixture of sewage and river water such as that in 
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the Tees between Croft and Yarm would have no rapid directly injurious effect on 
fish. If, however, the proportion of sewage were increased, then the river would 
become further deoxygenated and eventually at a certain ratio of sewage to river 
water the quantity of sewage would be sufficient to remove all the dissolved oxygen. 
Such was the position in the Skerne during the hot summer of 1929 when the water 
below Darlington was completely deoxygenated. With such conditions some of the 
sewage decomposes anaerobically and gives rise to sulphide. As it has been shown 
that this substance, even in small concentrations such as 0:3 part per 100,000, is 
directly toxic to trout, the fish are exposed to a definite poison as well as to the 
risk of asphyxiation through lack of oxygen. In a slow flowing river below a 
sewage works, solid matter from sewage may be deposited on the river bed. 
Anerobic conditions can exist in this sludge although the supernatant water is fully 
oxygenated, and sulphate present may be reduced to sulphide, which may be washed 
down stream for some distance .before it is oxidised. 

It may therefore be concluded that in a river where there is a plentiful supply 
of oxygen, sewage in moderate quantity has no directly harmful effect on fish unless 
it is in a septic condition and contains sulphide. When sewage, however, is dis- 
charged into a slow flowing river, mud banks may be formed which may provide 
the necessary anaerobic conditions for the production of sulphides. There is also a 
possibility that, although the fish are not directly affected, their food and spawning 
grounds may suffer. This possibility has not been overlooked and data on these 
points will be given in another chapter. 
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CHAPTER IX 


MACROPHYTIC VEGETATION OF THE RIVER TEES 


GENERAL SURVEY 


Under the term macrophytic vegetation are included all the large plants and 
those algae which are easily visible individually and may usually be identified in 
the field. Three groups of plants contribute to this vegetation, flowering plants or 
phanerogams, bryophytes, and certain large algae. 

The Tees was included in a survey of the macrophytic vegetation of English 
rivers by Butcher™. In that paper the river Tees is included in the group of rivers 
which rise in mountainous districts and are poor in vegetation. This paucity is 
probably the result of the scouring effect of floods on patches of slow-growing plants. 
Indeed, the floods in the upper Tees are so large that between the source and Croft 
there is scarcely any rooted vegetation. Except in the Weel the only attached 
macrophytes in this section are occasional patches of moss such as Fontinalis anti- 
pyretica, Eurhynchium rusciforme and, in certain seasons, the algae Lemanea 
fluviatilis and Cladophora glomerata. These mosses and algae occur chiefly on the 
solid rock or on the large “‘ cemented ”’ boulders that are not moved in the heaviest 
floods. At Cotherstone and Piercebridge, for example, the greater part of the river 
bed is exposed solid rock (Millstone Grit at the former and Magnesian Limestone 
at the latter) and mosses are more abundant than in most other sections of the 
river. An exceptional stretch of water to which reference has already been made 
is the Weel. Here, owing to the very slow current, certain plants not seen else- 
where in the river may be found in small quantities; the chief of these are Pota- 
mogeton alpinus, Callitriche intermedia and Sparganium simplex. 

Conditions are very different above and below the confluence of the Skerne at 
Croft. Fontinalis and Eurhynchium still occur on the sandstone rock or on the few 
fixed boulders and there is in addition a considerable quantity of phanerogamic 
vegetation. Compared with the rivers of the south and east of England, however, 
the quantities are small and weed-cutting is unnecessary. 

The vegetation below Croft is largely determined by the inflow of the river 
Skerne and possibly by changes in the nature of the bed of the river Tees. The 
salient features of the Skerne are that its waters are more calcareous than those of 
the Tees and, especially below Darlington, contain large concentrations of organic 
matter. Above Darlington sewage outfall the dominant plants of the Skerne are 
mainly the same as those of the Tees below Croft. The bed of the Tees below Croft 
is considerably more stable than above this point, while the sub-surface river-bed 
consists of boulder clay. It is not clear to what extent each of the many factors 
determines the change in the vegetation, and it is impossible to distinguish the 
effects of these factors. From general experience it is reasonable to assume that 
the increases in the calcium and the organic contents of the water are among the 
chief factors determining the presence of macrophytic vegetation below Croft. 
Further, as the tendency of river plants is to move down stream (Butcher), the 
plants of the Skerne may be a source of supply to the vegetation of the lower Tees. 
The more stable river bed and the predominance of the thick layer of boulder clay 
may also be contributory factors. Current in this connection seems to be of little 
significance as it is considerably stronger below Croft at Station than above at 
Station F. 

The distribution of the macrophytic vegetation in the Tees nena Croft and 
Yarm is irregular but on the whole, as in other rivers, it bears a definite relation to 
the nature of the bed and to the depth of the water. There is apparently no 
vegetation below a depth of five feet, for example opposite Neasham Abbey. In 
the swiftest stretches, as at Sockburn, where the water is shallow and the river bed 
consists of boulders and large stones, the vegetation is similar to that found above 
Croft and consists of Fontinalis antipyretica (a)* Eurhynchium rusctforme (a), 
Grimmia fontinaloides (r), Amblystegium fluviatile (r), and at times Cladophora 
glomerata; the vegetation/is confined to the rock, boulders and “ cemented ” 


* In this chapter the notation indicating frequency of plants is as follows: a = abundant, d = 
dominant, sd = subdominant, cd = co-dominant, f = frequent, o = occasional, r = rare. 
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stones. In the somewhat slower flowing portions of the river, where smaller stones 
and a certain amount of sand can be deposited, some phanerogams are present and 
_ mosses are rare. Such a community may be seen at Middleton-One-Row, Hur- 
worth Bridge, and those parts of Neasham Ford near the bank where the current 
is relatively slow (Plate I, 5.) Vegetation at Pountey’s Ford, Middleton-One- 
Row, comprises Fontinalis antipyretica (a), Eurhynchium rusciforme (a), Ra- 
nunculus fluitans (f), and Potamogeton interruptus (r). 

The largest development of macrophytic vegetation is seen at such places as 
Low Middleton Ford. No vegetation occurs in the centre of the river, as the stones 
are frequently moved, but near the bank, where the current is slower, plants can 
gain a foothold; when they are established they consolidate the gravel and collect, 
on the down-stream side, a large amount of sand and silt (Plate I, 2). In this 
sandy portion, plants characteristic of the silted community may be found. The 
plants at Low Middleton Ford are Ranunculus flutans (d), Potamogeton tnter- 
vuptus (sd), Potamogeton crispus (a), Potamogeton pustillus (r), Potamogeton per- 
foliatus (r), Elodea canadensis (r), Myriophyllum spicatum (r) and Nitella opaca (tr). 
Elodea canadensis, Nitella opaca and Potamogeton crispus are characteristic of 
silted stretches and are here found on the down-stream side of patches of Ranunculus 
fimitans and in the fine silt close to the banks. The occurrence of Elodea canadensis 
in some quantity in the lower reaches of the Tees below Croft is worthy of note as, 
according to Brown”), the growth of this plant is encouraged by the presence of 
silt rich in organic matter. ; 

Reference has already been made to the changes produced by the Skerne. 
Comparison of the vegetation in three stretches of the Tees, above Croft Bridge, 
below Croft Bridge, and at Hurworth, indicate the effects of sewage pollution. 
Above Croft Bridge and immediately above the confluence of the Skerne, the average 
current under dry weather conditions is 1-7 ft. persecond. The river bed consists of 
clean stones of large and medium size and some sandstone rock; there is no macro- 
phytic vegetation. Just below Croft Bridge, that is just below the confluence of 
the Skerne, the average current is 3-3 ft. per second. Although the flow is rapid, the 
large and medium sized stones of the river bed are covered with a growth of sewage 
fungus and algae which traps the fine organic silt brought down in considerable 
amounts by the Skerne. Thus a stretch which normally should be stony, with a 
non-silted community of plants, possesses instead vegetation of the partly silted 
type. The macrophytic vegetation is abundant in spite of the fast current at this 
position and consists of Potamogeton interruptus (d), Ranunculus flmtans (a), 
Eurhynchium rusciforme (a), Fontinalis antipyretica ({), Elodea canadensis (r) and 
Potamogeton crispus (x). At Hurworth the current is 1-7 ft. per second and the river 
bed is of large stones and some rock, similar to that just above Croft. For the 
greater part of the year there is no growth of sewage fungus nor excessive deposit of 
sult. The macrophytic vegetation, which is sparse, consists of Eurhynchium 
rusciforme (cd), Fontinalis antipyretica (cd), Cinclodotus fontinaloides (a) and 
Ranunculus fluitans ({). This is apparently the normal vegetation for the fast 
stretches of the river such as at Neasham Hall Bridge, Sockburn and Dinsdale Dam. 

From these comparisons it is reasonable to conclude that the sewage pollution 
from the Skerne, because of its nutritional effects, causes considerable increase in 
the macrophytic vegetation throughout the lower river below Croft. In addition, 
because of the presence of silt and fine deposit due to sewage, the torrential com- 
munity so well seen in the higher reaches is replaced at Station D by a partly silted 
community dominated by Potamogeton interruptus. 


GROWTH OF VEGETATION | 


With a view to obtaining some detailed information on the development of 
macrophytes, a rectangular portion of the bed of the river just above Low Middleton 
Ford was selected for careful observation and was examined in the months of 
February, May and September in each year of the survey. This plot, the limits of 
which were marked out by lengths of wire attached to stakes driven into the river 
bed, was 10-5 metres in length and 4-5 metres in width ; the long sides were roughly 
parallel to the bank and there was a distance of about one metre separating the bank 
from the plot. The plot wascharted by means of square iron frames, each 0-25 sq.m. in 
area, laid temporarily on the river bed. The river bed at the position selected for the 
plot is mostly gravel but the plant growths hold up considerable quantities of sand 
and silt. Plants found on this plot were Ranunculus flutans, Elodea canadensis, 
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Potamogeton crispus, Potamogeton interruptus, and Cladophora glomerata. Plans 
showing the distribution of these plants in the plot at the times of observation are 
shown in Figure 25 and the areas occupied by the four phanerogams are given in 
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Fic. 25—Plot at Low Middleton Ford. Plans showing Disiribution 
of Macrophytic Vegetation at Different Times during the Survey 















Table 22. This Table indicates that the total area occupied by the four plants 
varied between 23 and 48 per cent. of the area of the plot. The figures are inadequate 
to show the effects of floods or whether there is any marked seasonal variation. 
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Some of the increases in growth even occurred during periods when floods were 
frequent. Further investigation is desirable. 


TABLE 22—Area occupied by Plants in the Selected Plot at Low Middleton 
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{ 
Area (in sq. metres) occupied by | Area 
of 
Date plot 
Ranunculus | Potamogeton | Potamogeton Elodea All 
fiuitans interruptus crispus canadensis | plants | sq. m. 
May, 1930 12:1 0-4 0-2 4-0) 16-7 36-0 
September, 1930 10°5 9 0-3 5:6 17-3 36:0 
February, 1931 14-9 i Gs 1-1 17-3 47-2 
May, 1931 11-1 1-4 0-2 0-4 13-1 47-2 
September, 1931 16-2 OF 0-4 0-7 18-0 47-2 
February, 1932 12-7 0-9 0-8 0-4 14-8 47-2 
May, 1932 10:3 0-2 0-2 0-1 10-8 47-2 
September, 1932 13-2 12 2-0 0-2 16:6 47-2 





Ranunculus fluitans, which covered a larger area than any other plant on the 
plot examined, is usually dominant in non-silted communities. The patches of 
Elodea were generally found between growths or on the down-stream side of large 
patches of Ranunculus. Potamogeton crispus and Elodea were also found near the 
bank of the river, where more silt occurred than in other parts. 


Effect on Stability of the River Bed. 


Vertical sections showing the relative levels of the bed of the river at three 
sections across the plot and at the different times of observation are given in Figure 
26. The diagrams also show the positions of growth of the plants under considera- 
tion. These diagrams indicate that the masses of vegetation trap appreciable 
quantities of stones and silt. As the plants disintegrate the stones and silt are 
carried down stream and the level of the river bed falls. With the object of obtaining 
more information regarding the stones and silt held up by the growths, samples of 
the river bed from different parts of the selected plot were collected and examined 
for size; the results are given in Table 23. The much larger proportion of fine 
material at thedown-stream end of the growths and the increase,even at the up- 
stream end, as compared with the normal river show the effect of the vegetation in 
holding up and collecting sand and silt which in the absence of growths would be 
carried down stream. Areas of silt collected by patches of Ranunculus fluitans 
are clearly shown in the photograph Plate I, 2. 


TABLE 23—Mechanical Analysis of the River Bed 
Material of Different Sizes as Percentage of Total Area of Plot 








Normal river 





Up-stream end; Middle of Down-stream 


Beane of plot | plot end of plot 
Stones 6-1 cm. 70 51 14 3 
Stones 1-0-1 cm. 12 15 5 2 
Coarse sand 2 3 a 2 2 
Fine sand (settling in 1 min.) 13 30 77 90 
Silt (Settling in 15 min.) 3 1 | 2 3 


Effect on Other Plant and Animal Life in the River 

Macrophytic vegetation may affect the fertility of a river in various ways 
(Butcher). Masses of plants bring about oxygenation of the water during the hours 
of sunlight. They provide shelter for many invertebrates. They contribute to the 
diet of such omnivorous feeders as roach and chub. They also provide areas on 
which sessile algae may grow and to which more light usually penetrates than to 
the river bed itself. It should be pointed out, however, that in the river Tees 
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the macrophytes are not particularly abundant. Conditions favourable to the 
growth of these plants have been indicated and it might be possible to establish new 
growths at certain positions where flood conditions are not too severe and thus to 
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Fic. 26—Plot at Low Middleton Ford. Sections showing Elevation 
and Contour of the River Bed at Different Times during the Survey 


increase the fertility of the river. Comparison of the upper and lower Tees illus- 
trates how its fertility is increased by the macrophytes. 


DISTRIBUTION AND GROWTH OF Cladophora glomerata 


One of the most noticeable phenomena of the river Tees is the annual develop- 
ment below Croft of enormous quantities of the filamentous alga Cladophora 
glomerata. Two forms of this species are found commonly in running water. The 
growths below Croft are dark green and richly branched and frequently attain a 
length of 24 inches. Similar growths have been collected in parts of the river 
Skerne, in several of the smaller tributaries of the Tees, for example in Percy Beck, 
and in the river Lark in Suffolk. So far as is known, this form of Cladophora 
readily grows in water containing some organic matter. The other form, which is 
light green, was observed in the Tees at High Force and in the river Itchen in Hamp- 
shire; it is apparently a form found in uncontaminated water. This form, which 
is densely tufted, rarely grows to a length of more than six inches. Many examina- 
tions of these forms have not revealed any morphological differences in structure 
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greater than might be expected in such a polymorphic species (Brand‘*)). The plants 
always exhibited pseudo-dichotomy and frequent branching, though the extent 
varied from season to season according to the rapidity of growth. The differences 
observed in the light and dark green forms may result from differences in the con- 
centrations of food available in the water, particularly in the concentrations of 
nitrogen. According to Pearsall and Ewing™’, so far as higher plants are concerned 
utilisation of large quantities of nitrogen brings about the production of more 
chlorophyll, larger plastids, and more rapid growth. The concentrations of nitro- 
genous matter in the Tees between Croft and Yarm and in the river Lark at the 
times of the observations were definitely greater than in the Tees at High Force and 
in the river Itchen. 

Luxuriant growths of dark green Cladophora were found on occasions in most 
parts of the river Tees between Croft and Thornaby Wood in which the depth of 
water did not exceed about 4 ft.; even near Eryholme and Neasham Ford, where 
the plant was particularly abundant, none was found at greater depths. In all 
cases the appearance and development of the growths were seasonal. The first 
signs of growth usually appeared about the middle of May when small tufts could 
be seen only on large stones. Rapid development then occurred during the 
succeeding weeks.. Generally the resultant heavy growth was washed away by the 
first flood in July. Considerable differences in the development and disappearance 
of the growths occurred in the four years of the survey. Measurements of the quan- 
tities of Cladophora present in 1931 and 1932 were made by placing iron frames, 
each 0-25 sq. m. in area, on the river bed at regular intervals in a straight line 
across the river. Cladophora growing within twelve of these frames was collected 
by hand on each occasion; it was dried at room temperature and weighed. 

In the first year of the survey Cladophora was seen on 4th May growing as small 
tufts on large stones. The alga developed rapidly during June; much broke 
away from the river bed and remained floating on the surface in eddies and back- 
waters and near the bank where the current was small or where the growths became 
entangled in debris. This state of the river on 17th June is shown in Plate IV, 1, and 
also in Plate I, 4. On 3rd July conditions were much the same but on 5th July a 
flood swept away almost all the plants leaving only small quantities on the river 
bed and a little floating on the surface. In this year the greatest quantities were 
found in the river near Neasham and Eryholme. 

In 1930 Cladophora appeared about the 20th of May and development was 
slow until 3rd June. By 8th June a thick growth of Cladophora to a depth of 
15 inches completely covered the bed of the river at Low Middleton. This large 
growth was only present for a few days and then began to show a gradual reduction. 
A flood on 16th July washed most of it away. The maximum growth in this year 
appeared to be near Low Middleton rather than at Eryholme. A frame with glass 
slides put down on the bed of the river on 22nd May and left until 8th June did not 
show any growths of Cladophora in spite of the large quantities in the surrounding 
water. A considerable quantity however developed on the glass slides put down 
on 8th June and left there until 22nd June in the middle of the heavy growths in 
the river. The results suggest that the first growths in the river arise from peren- 
nating structures whereas later growths develop from zoospores. On the river 
bed itself the first growths usually appear on the larger stationary boulders (Plate 
IV, 2) and not until later on the smaller shifting stones. These observations are 
in agreement with those of other investigators (Brand). 

In 1931 and 1932, as in the two previous years, the first signs of growth ap- 
peared during the month of May. During the early part of June 1931, however, 
there were several floods from the upper river which washed away much of the 
Cladophora and prevented the development of large growths such as those observed 
in the other three years. It was also noticed that there were no further growths in 
1931 after the June floods, indicating that optimum conditions for the growth of 
Cladophora had passed. A further small growth was observed in September 1931 
at the time of the autumn diatom maximum. 


Results of determinations of the dry weights of Cladophora collected on various 
days in 1931 and 1932-in the areas enclosed by the frames placed at intervals across 
the river are given in Table 24. The results for 1931 show that the growths were 
greater at Low Middleton Ford (Station B) than at Hurworth Bridge (Station Cf) 
and that at both places they were almost washed away by the Sth of June. In 
1932 the growth at Neasham Ford, where the river was shallow, was much greater 
than at Hurworth, and there was very little growth at Low Middleton Ford. There 
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was no growth in water deeper than 4 ft. and very little in water so deep as 3 ft. 
Inspection of various positions down the river from Neasham to Low Middleton 
showed that the decrease in quantity began at about Dinsdale Bridge which is 
about seven miles below Neasham and fourteen miles below Croft. 

It is difficult to account for the differences in the amounts of Cladophora in- 
the four years 1929-1932. After the scanty growths of 1931, it might have been 
expected that in 1932 the river bed would not be populated with so many over- 
wintering structures. But this is not the only reason for the generally small 
growths of 1932, as compared with 1929 and 1930, as comparatively large growths 
were found at Neasham. The slow development of the first growths in May 1932 
may have been due to the low temperature and unusually small amount of sunshine 
in that month. These conditions, however, do not account for the relatively poor 
development in June nor for the comparatively small amounts in the river system. 
The smallness and lateness of the growths at Low Middleton in 1932 are also 
exceptional, especially as in 1930 this was the region of greatest growth. All the 
observations, however, agree in showing that the time of appearance of the alga is 
in the middle of May and its greatest development takes place in early June. 
It may be that the conditions of light and temperature are normally most 
favourable in these two months. 


TABLE 24—Dry Weight of Cladophora Collected on Various Days at Three Positions 
on the River 


Weight in gm. per sq. cm. 


Position 
Date 
Hurworth Bridge Neasham Ford | Low Middleton 
(Station Cf) (between Ca | Ford 
| and CB) | (Station B) 
1931. 
May 27 “- = 13 
”» 8 15 ‘s2 or 
be | nO — — 62 
» 30 26 ae — 
June 2 a a 12 
1932. 
May 19 13 13 oer 
» 21 _ 14 Sb 
» 29 9 29 os 
» 27 15 53 =f 
» 3 2 12 ae 
June 2 8 37 1 
” 3 iF 30 ey 
3 4 18 34 — 
hy 7 -~ 68 == 
ie 8 — 36 — 
bs 9 28 58 2 
poe de 35 45 — 
Peet ate ts 25 82 2 
elias. 34 100 — 
jph AT 53 148 5 
»eReu 50 121 7 
Wwiawel — —— 13, 
22 107 12 
24 — 82 13 
ie 28 — 90 16 
July 7 13 5 





Relation of Development of C. glomerata to the Chemical Composition of the River 
Water 

As Cladophora occurs in great quantity in the Tees only below the confluence 

of the Skerne and as the change in the nature of the river bed probably does not 

affect the growth of the alga, it would appear that favourable conditions for the 

growth of the plant are produced by the admixture of the waters of the Skerne with 
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PLATE IV.—CLADOPHORA GLOMERATA 





1. A close view of Cladophora growths. 2. Stones from the river at Neasham Ford, showing 
— the first growths of Cladophora on the large stones. 
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those of the Tees. The results of the chemical observations discussed in other 
parts of this report show that the entry of the Skerne at Croft causes increases in 
the concentrations of chloride, calcium, organic matter and nitrogenous compounds 
in the main river. Any of these may be responsible for the growth of Cladophora. 
It has been stated by various authors that calcium content in particular is a con- 
trolling factor (e.g. Rabanus ‘»). Above Croft the dark green form of Cladophora 
was found in appreciable quantity only at three positions, namely, in considerable 
quantity below the sewage works at Barnard Castle, abundantly in the Balder below 
the sewage works at Cotherstone and at certain times at Leekworth. The waters at 
these positions are not so rich in calcium as the water of the Tees below Croft. At 
Balder-Foot, Cotherstone, where Cladophora grows readily, the water is softer than 
in most parts of the Tees and contains only small amounts of calcium. In the river 
Lune and in the Tees at High Force, where the concentrations of calcium and of 
organic matter are low, Cladophora has never been observed. It must be concluded, 
therefore, that in most of the Tees the concentration of calcium is sufficient for the 
requirements of the dark green form of Cladophora but that the organism will 
develop only, in the presence of some substance or substances such as may be con- 
tained in sewage or the products of decomposition of sewage. 


In order to test further this dependence of Cladophora on substances associated 
with sewage or its decomposition products, boulders each weighing between one- 
half and one cwt. were transported from several parts of the river to other parts 
and the changes in quantities of Cladophora (if any) on the boulders were observed 
(Table 25). 


Transference of boulders was made between Low Middleton Ford (Station B), 
Neasham Ford (between Stations Ca and Cf), Barnard Castle (Station L), the Balder 
(Station P), and Holwick Bridge (Station Qa). The stones from Station B were 
lumps of slag with tufts of Cladophora nearly half an inch in length. Those from 
Neasham Ford were derived from various rocks and bore vigorous growths of Clado- 
bhora as tufts more than an inch long. From Station L flat slabs of sandstone or 
gritstone were taken; although these had no visible growths of Cladophora, they 
were collected from the neighbourhood of growths and presumably had very small 
plants on them. The boulders from Station P were similar to those from Station L 
Those from Station Qa were basalt and devoid of growths. 


From the information given in Table 25, it seems that conditions for the growth 
of Cladophora were unfavourable at Qa, moderately favourable at L and P, and 
particularly favourable at B and at Neasham Ford, between Ca and Cg. These re- 
sults confirm the view that the distribution of Cladophora in the river is dependent on 
the presence of some substance or substances associated with sewage or the products 
of decomposition of sewage rather than on the concentration of calcium or the 
hardness of the water, for there is little or no sewage pollution at Qa and the water 
of the Balder at P is softer than the water at any of the other four stations con- 
sidered. 


The next questions that arise are which constituents of sewage or of its pro- 
ducts of decomposition are necessary to encourage Cladophora. The growths 
never occurred in the badly polluted parts of the Skerne which contained 
the sewage fungus community. It is reasonable to suppose therefore that 
complex organic compounds of sewage favouring the development of sewage 
fungus do not encourage Cladophora. When a survey of the Skerne was 
made in June 1930 Cladophora was abundant only in the middle reaches. Chemical 
analyses showed that in this region there were appreciable concentrations of nitrate 
and other mineral salts and the concentration of organic substances was less than 
in any other part of the Skerne. It would seem therefore that Cladophora grows 
best where the amount of organic matter is comparatively small but where nitro- 
genous and other inorganic salts are present in appreciable quantities. The same 
correlation may be detected between the place of the greatest volume of growth of 
the alga below Croft and the time of its increase on the one hand and the distribution 
of nitrogenous salts on the other. Although the quantity of Cladophora is not always 
large in the Tees immediately below the Skerne, it is important to note that it 
becomes so within a mile and remains in great quantity for fully 18 miles. This 
indicates that the necessary constituents are present in the right concentration in 
the Tees from a little way below the confluence of the Skerne down to a position 
between Low Middleton Ford and Yarm. The more or less even distribution of 
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Cladophora in this stretch of the river may be contrasted with the occurrence of 
Sphaerotilus or sewage fungus, which appears at a maximum immediately below 
the source of pollution and rapidly diminishes; this change in Sphaerotilus is de- 
pendent on the progressive decomposition of sewage. 
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CHAPTER X 


THE SESSILE MICROFLORA 


The term microflora is used to include all those plants which are recognisable 
individually only with the aid of a compound microscope. The microflora consists 
of two groups of organisms, the algae, containing chlorophyll, and the fungi and 
schizomycetes, without chlorophyll. The most important members of the second 
group are considered in Chapter XII on “ Sewage Fungus.” 

Diatoms form a large part of the microflora in the Tees and occur as forms 
directly attached by their valves (Cocconets), or fixed to the substratum by mucilage 
stalks which are sometimes branched, or without any obvious mode of attachment. — 
Some of the visible growth, especially in summer, is made up of thalloid forms of 
green and blue-green algae in which rows of branched filaments radiate from a 
central point and are often so closely arranged as to form compact discs (Stigeo- 
clonium, Ulvella). Many variants of this type occur (Chamaesiphonopsis), while 
certain colonial forms (Sforotetras) adopt a similar habit. In some cases projecting 
filaments grow freely from these discs (Stigeoclonium). 

The sessile algae found on the bed of the river or on submerged stones are 
described in this chapter. Many other algae, particularly diatoms, unattached 
unicellular forms (Closteriwm), colonial forms (Scenedesmus), and filamentous forms 
(Oscillatoria) occur floating freely in the water. These are considered in Chapter XI 
under the term “ Free-floating Microflora or Plankton.”’ 

The sessile algae form the most important plant community in the Tees and 
probably in a great many other rivers. Yet very little attention has been paid to 
such growths, as is indicated by the paucity of the literature. Geitler™ and 
Fritsch® have given brief accounts of algae found in Central European mountain 
streams and in certain Devonshire rivers. More recently Butcher‘® has published 
papers dealing with certain aspects of this community in English rivers, including 
the? Tées. 


METHODS OF INVESTIGATION 


The apparatus used for collecting the bottom growths consisted of a rigid 
metal photograph printing frame in which were fitted five glass slides. The frame 
was fixed by means of iron stakes and light brass chain to lie flat on the bed of 
the river. A detailed description of this apparatus and its use has been given 
by Butcher. The slides were generally left submerged on the river bed for four 
weeks. On one slide of each set the organisms were counted and the results ex- 
pressed in numbers per sq. mm. The amount of deposit on the other four slides © 
was weighed and calculated as mg. persq.cm. There was some difficulty in making 
quantitative estimations of these growths of algae because of the variation in form 
and size. The deposits included small diatoms such as Achnanthes mucrocephala, 
large diatoms such as Synedra ulna, and thalloid algae such as Stigeoclonium and 
Ulvella. There was also considerable variation in the size of the individuals in a 
single species (e.g. Cocconets placentula). A somewhat arbitrary method was adopted. 
The individual frustules of all diatoms, including those like Fvagilaria and Diatoma 
which form ribbons, were counted, while filamentous and thalloid algae were cal- 
culated on area occupied. A unit of area was taken as 180.2 which is equivalent 
to the area of an average individual of Cocconeis placentula. In addition numerous 
collections were made from stones and other substrata throughout the river system 
and percentage calculations were made of the cleaned and mounted diatoms both 
from these collections and from the submerged slides to indicate the distribution in 
the river of this most important group. 

Although all the organisms found were identified, only the most frequently 
occurring forms are recorded individually in Tables 27-34 and the others are grouped 
at the end of each section except in cases where species which were not dominant 
were considered to be of special biological significance. For similar reasons certain 
allied species have been séparated. In other instances, for example Achnanthes, 
identification of the species is difficult and depends so much on the markings of the 
valves that it is impossible to differentiate them when making general counts; such 
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closely allied forms are therefore grouped together. The following list gives the 
species which are included under various headings used in the tables :— 


Diatoma spp. : Mainly D. vulgare and D. elongatum, small examples of which 
are difficult to distinguish. 


Synedva spp.: S. tenera, S. affinis (rarely) and S. pulchella. S. ulna and S. 
acus are enumerated separately. 


Fragilaria intermedia may include isolated specimens of F. capucina and 
F. virescens. 


Achnanthes spp.: All the minute species of Achnanthes, such as A. micro- 
cephala, A. linearis, A. minutissima, A. exilis, but not A. lanceolata. 


Navicula viridula may include also the very closely related N. radiosa and 
N. gracilis. Navicula cryptocephala may, very rarely, include N. 
lanceolata. The remainder of the Navicula spp. are grouped together 
and include also species of the closely allied genera Frustulia, Pinnularia, 
Neidium, etc., none of which are of common occurrence. 


Gomphonema spp. : G. parvulum, G. intricatum, G. constrictum, G. lanceolatum 
and G. geminatum. . 


Cymbella spp.: C. affinis, C. delicatula, C. lanceolata, C. helvetica and C. 
cistula. 


Nutzschia spp.: all species except NV. acicularis and N. palea. 
Scenedesmus spp.: S. quadricauda, S. obliquus and S. bijugatus. 


Desmids are few and are chiefly Closterium leibleinii, Cl. moniliferum, 
Cosmarium undulatum and Staurastrum bienianum. 


The results show a big range of variation in the numbers of individuals present, 
and, in illustrating these graphically, it is obviously inconvenient to include on a 
uniform scale numbers such as 100,000 and 5. Hence the logarithms to the power 
of 10 of the numbers were employed and to secure uniformity this was done 
throughout. 


TOTAL PRODUCTION OF SESSILE MICROFLORA 


Before discussing the composition of the communities of sessile algae and the 
distribution of the more important species, the production of the sessile microflora as 
a whole is considered. The numbers (Table 26) show large and irregular variations 
without any clearly defined periodicity. These variations are probably due 
mainly to the wide variations in the water level, which affect the current and the 
penetration of light. The effect of floods on the numbers at Stations C (Eryholme) 
and N (above Barnard Castle), for example, can be seen in Figures 27, 28 and 29. 
Taking the non-tidal river as a whole, it is possible to detect a general cycle of 
numerical variations, showing that there is little growth between November and 
March, followed by a sudden increase in numbers, rising frequently to a maximum 
about May, after which the numbers show wide fluctuations with periods of rapid 
production, which occur generally in June and late September but also at other 
times which vary at the different stations. 

In comparing the different stations, it appears that in the summer higher 
numbers of algae are generally obtained below Croft than above it, whatever the 
speed of the current may be, owing probably to the greater quantities of mineral and 
nutritive salts in the river. Above Croft the numbers decrease with an increase in 
the average speed of the current; for’example the smallest numbers are found at 
Stations R, S, and Qa, and the highest at Station N. 


COMPOSITION OF THE SESSILE MICROFLORA 


Though it is not possible to draw from consideration of the numbers of sessile 
_ microflora as a whole any very definite conclusions as to the conditions affecting 
- their growth, more information may be obtained from a study of the various species 
dominant at different places and at different seasons. 


Growths at Different Places 


Above Middleton-in-Teesdale 


Four stations may be taken as representative of conditions in the reaches of 
the river above Middleton-in-Teesdale; these are Stations U (Trout Beck Foot) 
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[To face p. 68 
PLATE V.—ALGAL COMMUNITIES ON GLASS SLIDES 
(1-3) 





1 Diatoma-Gomphonema Community. x 900. High Force, March 1930, 
(a) Gomphonema. 
(b) Diatoma vulgare. 
2 Achnanthes-Chaetopeltis Community. x 900. High Force, August 1932. 
(c) Chaetopeltis. 
(d) Achnanthes. 
3. Achnanthes-Chaetopeltis Community. x 900. Above Barnard Castle (Station N), July 1931. 
(c) Chaetopeltis. 
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PLATE V, (4 and 5) 





4. Cocconeis-Chamaesiphonopsis Community. x 900. Cotherstone (Station O), August 1932. 
(e) Cocconeis. 
(f) Chamaesiphonopsis. 


5. Navicula viridula Community. X 900. Eryholme (Station C), March 1931. 
(j) Navicula viridulat 
(h) Sphaerotilus natans. 
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S (above High Force), R (below High Force) and Qa (Holwick Bridge). The last 
three lie close together 12-13 miles below Station U. Two analyses of the water at 
Station U gave results very similar to those obtained at Qa, so that the chemical 
composition of the water may be taken as approximately the same at all four stations. 
The rate of flow of the river, however, differed; it was greatest at S and least at Qa 
and showed least variation at U. 

In the first year the frames were fixed at R and S but they were frequently 
broken and washed away or stolen, as these places were near a public footpath, and 
the data collected were few. In 193i less accessible places were found at Qa and U 
and the data for this year are more complete. The dominant algae of this part 
of the river were :— 


Period of abundance Species 
- Throughout the year .. Achnanthes microcephala 
Spring and autumn .. Gomphonema olivaceum, G. parvulum, 
Diatoma vulgare 
Summer .. we .. Chaetopeltis megalocystis, Ulvella 
frequens, Coleochaete scutata 
Irregular .. ae .. Ulothrix subtilissima, Chamaesiphon 


spp., Heterolagynion oedogonw 


Other common or frequently occurring diatoms are noted in Tables 27 and 28. 
It should be observed that Cyclotella meneghiniana and Chlorococcales such as 
Scenedesmus were absent. 


Stations 0 (Leekworth Farm, Middleton) to H (Rokeby) 


In the section of the river below Qa, a change in the dominant species was 
found (Tables 29 and 30). At Station Q in the summer Cocconezs, which was rare at 
the higher stations, was dominant; species of Achnanthes, though still occurring, 
were fewer; Ulvella was still common and sometimes dominant. In the spring 
communities Navicula viridula and Cymbella ventricosa appeared, while Diatoma 
vulgare and Gomphonema olivaceum were still present. Stations P (on the Balder), 
O (Cotherstone), L (Abbey Mill, Barnard Castle), and H (Rokeby) were similar to Q, 
but N (above Barnard Castle) approximated more closely to Qa and U. 

In order to decide to what extent the difference between the two stretches 
U to Qa and Q to H was dependent on the nature of the river rather than on the 
season, a series of collections was made in August 1932 at several places. The 
stations chosen and the results obtained are given in Table 31. From these and 
the earlier results the stations may be grouped as follows : (1) Achnanthes dominant 
at Stations U, S, R, Qa, Qy, Of, Oa, N, M; (2) Cocconeis dominant at Stations 
O, L, H. The possible factors affecting the distribution of species include pene- 
tration of light, floods, current speeds, and concentrations of mineral salts and 
organic matter in the water. From the results obtained in August 1932 and given 
in Table 31, it is unlikely that the differences were due to floods or to changes in the 
penetration of light, as there was no rise in the river during the period of the observa- 
tions and the frames were all fixed at a depth of nine inches below the surface. Nor 
can the differences in the average current velocities at the stations be correlated 
with the change in the composition of the communities, though there is some 
indication that the total quantity of growth increased with a reduction in velocity of 
current. Further the differences in concentrations of calcium salts in the water 
were too small to have any marked effect on the composition of the communities 
collected. 

When, however, the data in Tables 26-31 are considered in relation to the sewage 
contamination of the river or to the incidence of manured land or cattle-grazing, the 
results are very suggestive. Above U, except during the shooting season, there are 
no inhabitants and even above High Force there can be no appreciable pollution for 
the farms are scattered and manured grass land is very scarce. At Qa some sewage 
is present but the amount is extremely small. Below this point the volume of 
sewage and the area of manured grass land increase steadily, and a comparison of 
the approximate pollution with the dominant communities showed that, generally, a 
community in which Achnanthes was dominant and which included Chaetopeltis was 
associated with the least contaminated waters while a Cocconeis-Chamaesiphonopsis 
community was associated with the presence of small quantities of sewage and pro- 
ducts of its decomposition. For example at Stations O, L, and H, which are short 
distances from the points of entry of appreciable quantities of sewage effluent, 
Cocconeis was dominant. | | 
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Stations F (on the Tees above the Skerne) and G (Piercebridge). 


Further information as to the relationship between these communities and the 
constituents of sewage or the products of their decomposition may be gathered from 
their distribution at the next two stations down-river, Stations G (Piercebridge) 
and F (on the Tees above the Skerne). Chemical analyses indicated that the former 
station was one of the least contaminated along the river, and that in spite of a bed 
of Magnesian Limestone the hardness of the water differed little from that at the 
stations above it. At Station F there is rather greater contamination than at G, 
_ although there is less than at, for example, L (Abbey Mill, Barnard Castle). 

At Stations F and G the Cocconeis-Chamaesiphonopsis community was usually 
present and was sometimes dominant, but the Achnanthes-Chaetopeltis community 
was also present and, particularly at Piercebridge, was sometimes subdominant. It 
seems possible that some substances in the river at L and O inhibit the growth of 
the Achnanthes-Chaetopeltis community and that these substances are partially 
removed as the water travels down stream. It also seems clear that some sewage 
product encourages the growth of the Cocconeis community, and since at G and F 
both communities were present side by side it seems that this product is a stable 
chemical constituent; this suggests mineral salts such as nitrates and phosphates. 
Another source of such salts in addition to sewage, especially in an agricultural area, 
is the drainage water from the fields, which will contribute more particularly to the 
total nitrate in the river. Hence, even were there no sewage contamination, an in- 
crease of the Cocconeis-Chamaesiphonopsis community in this or any other river 
may be expected with the inevitable increase in phosphate and nitrate content as 
the river passes from a region of heathland and undisturbed soil to the cultivated and 
manured districts farther down stream. Sewage effluents, no matter how well 
purified, also cause a change in the river by supplying additional dissolved salts. 

So far, summer communities only have been discussed as these have a longer 
period of maximum and the data are consequently more reliable. In some other 
rivers examined a large spring community of diatoms dominated by Synedra ulna 
has been observed. This diatom was rare in the Tees and there was no organism 
which showed a well-marked dominance in the spring. Several species of diatoms 
occurred more frequently in the spring than at other times and, as with the summer 
algae, certain communities could be distinguished. The most definite of these 
communities was one in which species of Diatoma and Gomphonema were usually 
common. This community was dominant in the first spring growths, was usually 
scarce from May to August, and then reappeared in the autumn. It showed 
a distribution down the river similar to that of the Achnanthes-Chaetopeltis 
community. It was insignificant at Station U (Trout Beck Foot), marked at 
R and S$ (High Force) and at N (above Barnard Castle), and less marked though 
present at the other stations. Thus it seems to hold a place intermediate between 
the Achnanthes and Cocconeis communities. Another community of diatoms which 
showed periodic dominance was a Navicula viridula community, which was best 
developed at stations 0, P, O and L where there was contamination by sewage; it 
may thus be considered to be the spring equivalent of the Cocconeis community. 


Stations D (Croft Bridge) to A (Yarm) 


Since in the upper river chemical composition is one of the chief factors deter- 
mining the distribution of the algal communities, and since below Croft the water 
was of an entirely different composition from that above, it is not surprising that 
communities were present between Stations D and A (Croft to Yarm) (Tables 32-34) 
entirely different from those found above Croft. Some of the species found above 
Croft were not observed below, others were rare, and there were several species not 
recorded in the upper river. . 

The chief differences may be summarised as follows :— 


Species found above Station D but rarely below : Chaetopelits megalocystis. 

Achnanthes nucrocephala (rarely 
seen). 

Species rare above and common below D: Sphaerobotrys fluviatilis. 
Surirella ovata. 
Navicula vinidula., 
Cyclotella meneghiniana. 
Cocconeis placentula. 
Nitzschia palea. 
Nitzschia acicularis. 
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Species common both above and below D: Ulvella frequens. 
Chamaestphonopsis regularis. 
Achnanthes linearis. 
Cymbella ventricosa. 
Cymbella sinuata. 


Species found below D but not above : Stigeoclonium farctum. 
Sporotetras pyriformis. 
Gongrosiva incrustans. 


This list shows that, with the exception of Ulvella frequens, the forms dominant 
in the purest part of the river were absent or rare below D, and that the forms which 
appeared in the slightly polluted parts above D were dominant below D. The 
dominance of the Navicula viridula and the Cocconeis communities between Croft 
and Yarm, where the water contained appreciable quantities of organic matter, 
supports the suggestion that the presence of substances derived from sewage is the 
chief causative factor in this algal distribution. This suggested cause of the 
distribution of the communities is further supported by a comparison of the 
dominant species at Stations U, P, and C, as shown by growths on slides exposed 
in river for 28 days. 


Station U Station P Station C 
Dominant in spring— 
Ulothnix subtslissima Diatoma vulgare Navicula viridula 
Chaetopeltis megalocystis  Fragilaria intermedia Surivella ovata 
Navicula viridula Cymbella ventricosa 
Dominant in summer— 
Achnanthes microcephala  Cocconeis placentula Cocconeis placentula 
Ulothnix subtilissima Achnanthes linearis Stigeoclonium farctum 
Chaetopeltis megalocystis Cymbella ventricosa Ulvella frequens 


The communities at P were more like those at C than those at U. Polluting matter 
from sewage was the main characteristic common to the waters at PandC. AtP 
the water is much softer than at C, floods are small and the current is swift; at C 
the water is hard, floods are large and the current is slow; at U the water is soft, 
floods are small and the current is moderate. 


At Croft the Skerne, which receives considerable quantities of sewage effluent 
and contains appreciable concentrations of calcium salts, joins the Tees. As a 
result the concentrations of calcium and of substances associated with sewage 
in the Tees are greater below than above Croft. Differences in concentration of 
calcium and in extent of pollution by sewage may affect both the nature and 
quantity of sessile algae. There were certainly a number of forms in the portion of _ 
the river below Croft which were not represented in the higher reaches. With 
regard to the effect of differences in concentration of calcium, some guidance may be 
obtained by comparing the algal communities of two calcareous and polluted rivers, 
the Hull and the Lark, with those of the Tees. The characteristic species in the 
three rivers are: 


Lark Hull Tees below Croft 
Synedra ulna Synedra ulna Synedra ulna (rare) 
Cocconeis placentula Achnanthes lanceolata Cocconeis placentula 
Gomphonema olivaceum Cocconeis placentula Navicula viridula 
Navicula viridula Ulvella frequens Surirella ovata 
Ulvella frequens Sphaerobotrys fluviatilis Ulvella frequens 
Sphaerobotrys fluviatilis Stigeoclonium farctum Sphaerobotrys fluviatilis 
Stigeoclonium farctum Sporotetvas pyriformis Siigeoclonium farctum 
Gongrosiva incrustans Gongrosiva incrustans 


Sporotetras pyriformis 


Of the species common in the Tees below Croft the first five occurred also in the 
portion of the Tees above Croft, where the calcium content is low, but the last four 
were absent. . / ; 

As currents exert a mechanical stress on any objects on the bed of a river, the 
speed of flow of a river must have some effect on the nature or quantity of the sessile 


[To face p. 76 
PLATE V1.—ALGAL COMMUNITIES ON GLASS SLIDES (1 and 2) 


Kees 


TP Pa 





1. Cocconeis-Chamaesiphon-Ulvella Community. X 900. In the harder water below Croft, August 1929. 
(e) Cocconeis. 
(k) Sphaerobotrys. 


(1) Ulvella frequens. 
2. Cocconeis-Chamaesiphon-Ulvella Community. x 900. In the harder water below Croft, August 1929, 


(m) Stigeoclonium. 


a 15819 


PLATE VI, (3 and 4) 





3. Ulothvix Community. x 900. Barnard Castle (Station N), February 1931. 


4. A Flood-time Community. x 900. Eryholme (Station C), August 1930. 
(c) Cécconeis. 
(n) Heterolagynion. 
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growths. From the data for the stations between High Force and Croft (Table 36) 
it appears that the main effect of rapid currents is to reduce the quantity of the 
growths. The selective action on the various species is much less marked and is 
not easy to demonstrate from existing data. Generally it appears that strong 
currents reduce the proportion of the less strongly attached forms such as Nitzschia 


TABLE 36—Growths of Sessile Algae im Relation to Current 
Averages of Ten Collections from Slides Exposed in River for 28 Days 


Stations arranged in order of current speed. Greatest speed (average 3-5 ft. per sec.) at Station R 
and smallest (average 1-6 ft. per sec.) at Station O. 





Amount of 
Growth ’ 
Locality Principal diatoms (February to September) in 
order of frequency 

Mg. per | No. per 

sq. cm. | sq. mm. 
Below High Force (R).. 0:6 617 | Diatoma vulgare, Gomphonema spp., Achnanthes 
microcephala, Cymbella ventricosa, Nitzschia palea. 
Piercebridge (G) rs 0-5 378 | Diatoma vulgare, Gomphonema olivaceum, Ach- 





nanthes linearis, Fragilaria intermedia, Cymbella 

. ventricosa, Cocconeis placentula. 

Barnard Castle (L)_ .. 1-8 813 | Diatoma vulgare, Achnanthes microcephala, 

Nitzschia palea, Cymbella ventricosa, Cocconeis 

placentula, Navicula viridula. 

Above Croft (F) me 1-0 942 | Diatoma vulgare, Achnanthes linearis, Gomphonema 
olivaceum, Cymbella ventricosa, Nitzschia palea, 
N. dissipata, Ceratoneis arcus, Navicula viridula, 

- Synedra ulna, Cocconeis placentula. 

Rokeby (H) .. oe 2°6 2,180 | Navicula viridula, Gomphonema olivaceum, Cymbella 
ventricosa, Nitzschia palea, N.  acicularis, 
Cocconeis placentula, Achnanthes microcephala. 

Cotherstone (O) me 5:°3 — Diatoma vulgare, Navicula viridula, Cymbella ventri- 

cosa, Gomphonema olivaceum, Ceratoneis arcus, 

Synedra ulna, Cocconeis placentula, Nitzschia 

palea, N. dissipata. 








spp. and Navicula spp. It must be emphasised that there are no places in the Tees 
where the current is as slow as in such rivers as the Thames or the Lark and that the 
range of variation of current at any one spot is so great that only very general 
tendencies can be demonstrated. 


Seasonal Variation 


Seasonal variation in the microflora in any stretch of water is apparently the 
general rule, and so far very few exceptions have been recorded. Earlier observa- 
tions on seasonal variation in fresh-water plants include those on the plankton of the 
Illinois river by Kofoid’® the plankton of the English Lakes by Pearsall'®, and the 
sessile algae of the River Lark by Butcher, Pentelow and Woodley’. Seasonal 
variation in both the sessile and free-floating algae of the River Tees showed fluctua- 
tions in species and numbers in general agreement with those found in other waters. 
Summarising, the general tendency was to find: (1) little growth between mid- 
November and early March; (2) a sudden increase during March in many diatoms, 
which continued to be dominant until May; (3) a gradual increase during May in 
Cocconets and certain Chlorophyceae, which were then dominant from the end of 
June to September and were present until November; (4) occasionally a maximum 
of certain filamentous algae (chiefly Cladophora) during June; (5) during September 
or October a second increase in the numbers of the same species of diatoms as 
occurred in the period March to May. 


Effects of Floods, Temperature, Light and Dissolved Salts 

Although the variation in the nature of the communities of algae in the Tees 
at the various seasons of the year was well marked, the quantitative results did 
not show such definite variation, except that there was a period of very little 
growth between November and February in all parts of the river. Between March 
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and October there were great fluctuations in numbers, caused in the main by floods 
(Figs. 27-29). As already mentioned, floods on the river Tees are frequent and 
large; their chief effect on the growths of sessile algae is to wash them away. In 
addition to scouring away the plants, floods bring about changes in other factors 
which may affect the algal growths. Fluctuations in water level are often ac- 
companied by changes in the turbidity and colour of the water and hence by varia- 
tions in the amount of light reaching the river bed. Floods also alter the concentra- 
tion of the dissolved substances in the water, particularly those causing hardness. 
Pearsall'®) has shown that at times of flood large quantities of nitrates may be 
washed into rivers from cultivated land. In the Tees, however, when floods are 
very large the additional water is chiefly surface drainage from moorland districts 
above Barnard Castle. Although the total quantity of nitrate washed from 
cultivated land farther downstream may have been greater, the concentration is 
reduced by the diluting effect of the extra volume of water from higher reaches. 
There were indications that floods in the Tees had a selective effect on algae on the 
slides, increasing the dominance of two unrelated species. For example, one of the 
small Chrysophyceae (Heterolagynion oedogonit) was usually dominant at times of 
flood and scarce at other times. Cocconers placentula also appeared to survive 
conditions of flood better than other algae of the summer communities. It may be 
that these forms are better able to withstand the scouring effect of the currents and 
the reduction in the intensity of light resulting from the increased turbidity of the 
water. In some parts of the Tees heavy rain may give rise to floods carrying un- 
usually high concentrations of organic matter from local sewers and from agricultural 
land. In such cases observations indicated that growth of Sphaerotilus natans var. 
cladothnix may be encouraged. In one instance, after a cloudburst on 19th July, 
1930, the waters of the Balder at Station-P remained turbid for about two months, 
although the flow of the stream soon became normal. During these two months 
Heterolagynion, Cocconeis placentula and Sphaerotilus natans were dominant at 
Station P and the total quantities of sessile algae on slides laid down after the flood 
were relatively small. The effect was therefore due to reduction of illumination and 
not to scouring, which lasted only one or two days. 

With regard to temperature, Kofoid® and Purdy” conclude that changes in 
temperature mainly account for variations in the plankton in the Illinois River. 
Pearsall? , on the other hand, quotes figures to show that change of temperature 
is not the principal cause of maximum growth of diatoms in spring. It is possible 
that temperature may have a direct effect on rates of growth of different species of 
algae and an indirect effect by influencing the rate of decomposition of substances 
in the river water which serve as and give rise to food for plants. It might be sup- 
posed that the first growths in spring are due to the temperature of the water rising 
above the minimum necessary for certain species. This view, however, does not 
appear to be supported by the results of observations on the growth of algae in the 
Tees. At Barnard Castle in 1931, for example, Gomphonema olivaceum attained 
its maximum after the temperature had risen above 5°C., whereas in 1932 the 
maximum was recorded when the temperatures (average 1-7°C.) were the lowest 
for the whole year. Similarly below Croft there appeared to be no relation between 
the time of appearance of either Navicula viridula or Cocconeis placentula and the 
temperature of the water. The results of observations on these three organisms at 
Stations C (Eryholme), and N (Barnard Castle) are summarised in Table 37. 


Results obtained by various workers on the effect of light on cultures of algae 
indicate that this factor may be of importance in affecting the nature and amount 
of algal growth. Marshall and Orr®) demonstrated that light of high intensity 
inhibited the growth of certain marine diatoms. In the same way, it is possible that 
the more intense light in summer retards the development of some river diatoms. 
Studies of the effect of varying light intensity on the zonation of seaweed in the sea 
(Atkins), of phanerogams in a lake (Pearsall), and of algae in Lake Constance 
(Oberdorfer") show that for satisfactory growth different species require different 
amounts of light. In the Tees the measurement of light intensities is rendered 
difficult by the extreme variations in water level and in turbidity. During the 
survey a few measurements were made of the intensity of light reaching the water 
at different depths but these were insufficient to enable definite conclusions to be 
drawn regarding the effect of light on the growth of algae. There were some 
indications, however, that a high light intensity promoted the growth of certain 
forms. For example, exceptionally large growths were observed at some positions 
below Croft during periods of dry weather and high intensity of sunlight. Moore‘ 
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has suggested that the abundant growth of diatoms in the spring and in the autumn 
is encouraged by light of a certain quality and incidence at about the time of the 
equinoxes. Results for the Tees do not confirm this as the diatom maximum 1s 
much later in the Tees than in the Lark, and the maxima occur at slightly 
different times in the same year at different places along the river though usually 
at about the same time in the same place in different years. 


TABLE 37—Time of Beginning of Spring Growth and of Maximum Growth of Navicula 
viridula, Cocconeis placentula and Gomphonema olivaceum and Temperature of 
Water 


_ Beginning of Maximum | 
































| Spring growth growth 
Stati O i ee ere 
ation rganism | es sen 
Temperature of : Temperature of 
| Time | previous 14 days! time | previous 14 days | 
| : =C Ai | 
; 
C Navicula viridula vei .. | 10/3/30 5:5 8/5/30 7:0 
28/2/31 2-1 7/5/31 7°5 
24/9/31 12-2 7/10/31 11-9 
C Cocconets placentula  .. | 17/9/29 — 
3/7/30 16-9 
3/7/31 13-0 
24/9/31 12-2 
N Gomphonema olivaceum 44 18/3/31 1-3 25/4/31 : 6-3 
16/2/32 2-9 29/3/32 | 1-7 





With regard to the effects of dissolved mineral salts in the water, earlier 
investigators have shown that there is a distinct relationship between algal 
periodicity and changes in concentration of certain salts. In the sea, the end of the 
spring diatom maximum is coincident with the marked reduction in concentration of 
nitrate and silicate (Atkins®), Pearsall?” has shown that in the English lakes the 
appearance of certain algae occurs at times of increases in concentrations of nitrate 
or phosphate or of change in the relative proportions of nitrate and phosphate. 
- The same author has also shown that the distribution of certain species is dependent 
on the calcium content of the water. In these instances, the concentrations of 
dissolved salts fell to very low values at certain seasons and were accordingly 
limiting factors in algal growth. Although low concentrations of calcium, nitrate, 
phosphate and silicate may at times have been limiting factors in the Tees above 
Croft, these substances were always present in appreciable quantities in the river 
below Croft. Seasonal variation nevertheless was more marked below than above 
Croft, so that concentrations of salts were not the main cause of the observed algal 
periodicity. The geographical distribution of certain species, however, indicated a 
correlation between the growths of algae and the substances carried into the river 
by sewage effluents. 

With the object of obtaining more definite information on the effects of changes 
in concentration of nitrate and phosphate on the growths of sessile algae, 
samples of water collected at Stations N (Barnard Castle) and C (Eryholme) 
were analysed for these two constituents. The results are given in Table 38. 

According to these results the concentration of nitrate in the water at Station N 
varied from only a trace to 0-13 part per 100,000 and the concentration of phosphate 
from less than 0: 0005 to 0: 0036 part per 100,000 ; there is an increase in nitrate in the 
spring months of 1931 which is not evident in 1932 and the phosphate content is 
_ greatest in July and August. The variable results may be due to differences in 
the quantities of nitrate and phosphate washed away from surrounding land 
according to the intensity and incidence of rainfall and the extent to which the 
land had previously been treated with artificial and natural manures. Other 
sources of nitrate and phosphate include inorganic and organic compounds of 
nitrogen and phosphorus carried into the river with sewage and sewage effluents 
and the products of decomposition of animals and plants in the river. 
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The figures in Table 38 for Station C show variations in the concentration of 
nitrate from 0:02 to 0:24 part per 100,000 and in the concentration of phosphate 
from 0-0004 to 0:0071 part per 100,000. Here again no very definite seasonal 
variations were observed either in the concentrations or in the relative concentra- 
tions of these substances. Presumably there were too many variable factors 
affecting the concentrations. In considering the effects of different concentrations 
of nitrogen on the growths of sessile algae, it would also seem necessary to take 
into account compounds of nitrogen other than nitrates as it may be that many 
algae can utilise nitrogen from various types of compounds. 


TABLE 38—Concentrations of Phosphates and Nitrates at Stations N (Barnard Castle) 
and C (Eryholme) 












































Station N Station C 
re ee 
Phosphate Nitrate | Ratio : Phosphate Nitrate | Ratio : 
| | 
Date Parts P,O; Parts N, N, Parts 2.0 Parts N, N, 
per 100,000 | per 100,000 BLO; per 100,000 | per 100,000 P.O; 
| 
21.10.29 0-0033 0-24" io 
to 6.11.29 
11-16.12.29 0-0004 0:02 50 
10.3.30 0-0016 0-05 31 
| 20,3.30 0-0015 0-08 53 
to 9.4.30 
12.5.30 0:0005 | 0-10 200 
18.6.30 0-0007 0:07 100 
6.2.31 0-0005 0-04 80 
5.3.31 0-0008 0-09 113 
13.3.31 0-0010 0-10 100 
26.3.31 0-0015 0-12 80 
9.4.31 0-0015 0-13 87 
23.4.31 0-0012 0:07 58 
8.5.31 0-0018 0-12 67 
29.5.31 0-0016 0-06 38 
11.6.31 0-0010 0-05 50 
2.7.31 0-0036 0-06 7 
7.8.31 0:0017 0-05 30 
27.8.31 0-0027 0-07 26 
10.9.31 ~0-0005 0-05 100 0-0022 0-05 23 
17.9.31 trace | trace — 0:0067 0:08 12 
8.10.31 0-0014 0-04 29 0-0040 0-05 13 
23.10.31 0-0009 0-04 44 0.0070 0-11 16 
10.11.31 0-0010 0-01 10 0-0025 0-03 ye 
26.11.31 0-0012 0-03 25 0-0033 0-08 24 
16.12.31 0-0010 0-06 60 0-0040 0-07 18 
25.1.32 0-0010 0-03 30 0-0056 0-09 16 
17.2.32 0-0010 0-04 40 0-0040 0-07 18 
3.3.32 0-0010 0-07 70 0-0071 0-12 17 
14.3.32 0-0006 0:04 67 0-0025 0:09 36 
2.1¢3:32.4 0-0007 0:05 7\ 0-0029 0:14 48 
4.4.32 0-0013 0-04 She 0-0040 0-13 33 
| 











Figures 27, 28 and 29 for Stations N and C fail to show any marked correlation 
between the occurrence of the sessile algae and the nitrate and phosphate content 
of the water. There is evident, however, some relation between the occurrence of 
Diatoma vulgare and Gomphonema olivaceum in the spring at Station N and an in- 
crease in nitrate content, and the same is true of Navicula viridula at Station C. 
At Station N increase in phosphate is apparently related to a dominance of 
Chamaestphonopsts. 

Although, owing no doubt to the influence of several other factors, it has 
thus not been possible to trace any very definite relationship between concentrations 
of inorganic substances in the water and the nature and quantity of growths of sessile 
algae at particular stations, some general indications of the effects of differences 
in concentrations of nitrate and phosphate have been obtained from comparisons 
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of the growths and concentrations of nitrate and phosphate at different stations 
along the river. 

From these data, so far as the river Tees is concerned, the following tentative 
conclusions have been drawn. 


(a) Algae flourishing in water with low concentrations of dissolved salts : 


Achnanthes microcephala Ulothrix subtilissima 
Chaetopeltis megalocystis Gomphonema parvulum 


(b) Algae flourishing in water with moderate concentrations of dissolved salts 
and organic matter : 


Fragilaria intermedia Achnanthes linearis 
Cymbella ventricosa Cymbella sinuata 
Chamaestphonopsis regularis Gomphonema olivaceum 


(c) Algae flourishing in water with a plentiful supply of dissolved salts and 
organic matter : 


Navicula viridula Cladophora glomerata 
Surirella ovata Chamaesiphon incrustans 
Nitzschia palea Ulothrix zonata 


Cocconeis placentula 


(d) Algae requiring appreciable concentration of calcium salts : 


Sporotetras pyriformis Synedra ulna 
Gongrosira incrustans Melosira varians 
Stigeoclonium farctum 
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CHAPTER XI 


THE FREE-FLOATING MICROFLORA OR PLANKTON 


The term plankton was originally used by Hensen™ to indicate the community 
of organisms found suspended in the sea which can be caught in a fine-mesh net ; 
actively swimming organisms were known as nekton. Later other writers adopted 
the term plankton to cover similar organisms found in fresh waters. Zacharias was 
the first to use the word for such communities in rivers and, adding a prefix, spoke 
of potamoplankton. A difficulty arises, however, in using the term plankton for 
streams and rivers, because many algae in suspension in the water are derived from 
the beds of the rivers or of neighbouring ponds and marshes; the same is probably 
true of the plankton of a pond or lake. Some authors have therefore attempted to 
define plankton more closely, but in many cases it is difficult to decide whether 
certain species are free-floating throughout their active vegetative existence or are 
normally attached forms washed away by currents. In rivers like the Tees true 
free-floating forms are few; when they do occur it is difficult to decide whether they 
live and reproduce in the river itself or whether they are derived from reservoirs or 
pools. For the purpose of this report, therefore, the term plankton is employed to 
include all forms found suspended in the water. 

Most of the collections of plankton from the Tees were examined quantitatively. 
The sample of water, usually 10 ml., was centrifuged in a tube with a finely tapered 
base; the deposit was withdrawn with a fine pipette and spread over a glass slide 
ruled in mm. and the organisms were counted. When the numbers of organisms 
were large, as at times of flood, quantities smaller than 10 ml. were employed. 
Diatoms were counted as individuals, and with filamentous algae, such as Ulothrix, 
the number of cells was counted; this corresponds with the method of he age 
used for the sessile algae. 

Samples were collected monthly from June 1929 to July 1930 at tions > 
(above High Force), L (Abbey Mill, Barnard Castle), C (Eryholme), and A (Yarm), 
and monthly from January 1930 to March 1932 at Stations U (Trout Beck Foot) Qa 
(Holwick Bridge), N (above Barnard Castle), and C (Eryholme), with additional 
collections at fortnightly intervals during times of greatest change. During the 
first year the free-floating microflora were also examined on occasions at the other 
survey stations. Quantitative results are expressed in the tables in whole numbers 
per ml., while algae which were present in quantities of less than one individual per 
ml. are indicated by a plus sign. The large variations in numbers and the small 
volumes of water examined do not justify more exact figures. Only in Table 41 
are all the species named ; in other tables closely allied diatoms are sia together 
in the same way as in the lists of the sessile microflora. 


TOTAL PRODUCTION OF PLANKTON 


Table 39 gives the total number per ml. of the free-floating microflora found 
at various stations at different times. From this it appears: (1) that there was 


TABLE 39—Total Production of Free-Floating Algae 


Numbers per ml. 
| Winter Summer 
Mar. Apr. May June July Aug.| Mean Mean 


1930 
Nov. Dec. Jan. Feb. 











1929 
Station | June July Aug. Sept. Oct. 





S Oke TAS. Gis erOs ahs | == 4 Cera 53° 55 117 = 26 =—.. == 8 55 

M 34 19. 40 300 16 | 34 —-— —- -—- —- —- — — 82 

L 200) "82 rw269 148 217 “ees 30 S212 Slips e BIS 2: ans ee 13 107 

Cc 336 436 566 114 52 | 16 6 ote All 8223545 17122329 Ck 12 223 

A AT: 982. 56“ 96." 187 {7 10 10 8 5 34 130 382 166 — == 8 231 
| P 





i} 
Winter Summer 

















Station Jan; Feb: Mar. Apr. May June July Aug. Sept. Oct.| Nov. Dec.| Mean Mean 
| 
U 9 — 53 203. —- 206 42 20 85 10 | 10 — 10 88 
Oa —— 18 DAD = of he 188 40 71 15 7 24 9 8 12 57 
N — 8 14 90 115 68 96 20 21 42 10 10 9 58 
Cc 6 14 153 155 490 78 Be 33° «675 331 A 12 13 248 
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generally little plankton in the river between early November and the middle of 
March; (2) that there was a rapid rise to a maximum in May, followed by a rapid 
fallin June; and (3) that after June the numbers rose and fell irregularly. The only 
exception to the general rise in May and fall in June was at Station C in 1930, 
when the numbers fell in May and rose during June and July. A high figure 
was recorded at Station U in April 1931. In the summer the numbers per ml. 
were lowest at the uppermost stations examined (Qa, S and N), intermediate at 
Stations M and L, and highest at Stations C and A farthest downstream. In 
general therefore the numbers increased progressively downstream to Station A, 
as would be anticipated if the river picks up algae from the watershed as it travels 
down towards the sea. In the winter the numbers were approximately the same 
throughout the river system. 


COMPOSITION OF THE PLANKTON 


Table 40 gives the chief species found in the free-floating microflora. From 
this table there appears, as mentioned by Butcher'®, a close relationship between 
the communities of sessile algae and those found in the plankton (Tables 35 and 40). 
For the most part the organisms found in the two groups were of the same species ; 
this suggests that most of the organisms in the plankton were derived from sessile 
growths. The quantity of algae in the plankton derived from the sessile microflora 
must vary with (a) the extent of growth on the river bed, (bd) the tenacity of 
attachment of the sessile algae, and (c) the strength of the river currents. A slow 
current over a long period allows abundant growths of sessile organisms and 
probably of plankton; rapid currents over long periods reduce the extent of growth 
in both groups. With a sudden increase in current speed, however, the sessile 
algae are washed away into the water and will be collected as plankton. Com- 
parisons of the sessile and free-floating organisms at Stations U and C (Tables 43 
and 44) show that the Ulvella community, which consists for the most part of firmly 
attached plants, was almost unrepresented in the plankton; Cocconers, a firmly 
attached diatom, which was very abundant in the collections of sessile algae, was 
rarely dominant in the free-floating collections. Observations at Stations N, G and 
D during periods of flood (Table 47) showed that immediately after the rapid rise in 
the river there was a large and short-lived increase in the number of organisms in 
the plankton. 


In Tables 43 and 44 there appear sudden increases in certain non-attached 
species, for example in the numbers of Asterionella formosa and Synedra acus at 
Station U and of Cyclotella meneghiniana and Scenedesmus spp. at Station C. 
The sudden appearance, at times, of great quantities of certain algae in the 
plankton may be caused by the disintegration of the growths of algae on the bed of 
the river; the disintegrated masses rise to the surface to float away downstream. 
Such masses have frequently been observed. For example they were seen in the 
Skerne in June 1930, when they consisted mainly of Nitzschia palea which was, as a 
result, very abundant in the plankton. The exceptional abundance of Synedra 
acus in May 1931 at Station N in the Tees was probably due to the same cause. 
The appearance of other species in the plankton is more difficult to explain. 
For example, Cyclotella meneghiniana and Scenedesmus spp. were frequently im- 
portant constituents of the plankton chiefly from July to September in the lower 
river and also appeared spasmodically in the sessile growths at the same stations, 
but there was not the close correlation in time and quantity as was shown, for 
instance, by Navicula viridula ; the source of this group of organisms calls for special 
enquiry. The Cyclotella community seems to require low river conditions for normal 
development as there was very little sign of it in the wet seasons in 1931 and 
towards the end of 1930. This community also occurred in the sessile growths, 
which indicates that it had either settled from the plankton or was actually growing 
im situ and acting as a source of supply. Its appearance was seasonal and its con- 
stituents were erratic. Asterionella formosa showed a similar occurrence at certain 
stations above Croft. : 


NON-TIDAL REACHES 


SURVEY OF THE RIVER TEES 




















e e A e A A e A A e a e e I A A 1 I A a Ss fi ui I I e e e © 33 me e{nzussed §19009907) 
e A e e e I I Ei 9 a cr Ai I e e e v 9 e wi A x uh 2) “) e ay e A ~ 8 * ‘dds x11q301-) 
e e e eV e 9 A ce ee e e e e e e e * e e e e e I 9 I A e e e ee a BsouLloy eIjOUCLISysy 
A a A I A A A ef A 9 I I x A A A 9 A e e A A I ai I a x A A ot aif ‘dds erpouds 
oe <0) 9 I Neg I I e I e A a 9 e) Jame i see FL we a) fe) a aN S 9 I I I a A ue sa "+ -eayed enqosz}IN, 
A A A A I I A A 5) ° e A I e A A R) A A I I I I a I ay I I I a a VSOOIJUIA PTJaquiAD 
a ea a. Ol 9), Ce SCG «ae rae i wkd, Oe Ce eee a eS ia, kT AG Se ee Set es Ba oy S * “+ -dds soyjueuyqoy 
A I e e I I a 9 y J + PC ad I I I I A 2. Sian 4) 9 By) a) Dae aO da i ra ‘dds ewrsuoyduo0y 
I =O I A I ay I 9 ay Ai 9 5 9 J I I Es) fe) at I a I 3 @) 9 9 9 ) hm ee a jae ‘dds euozeiqy 
9 8 % 866 £ CC SeSG = SL OGmigs te oS COG 9 € 8 TG Ole BOG Cl Mele EaGe 4 ce G Lo. Sis eer G £ 0€ 
"90q. “AON | °29Q “3dasg “8ny Ajnf{ ounf ounf Avy Aew <ady ‘rew | rem || ‘ded ‘AON | 3290 “390 33dag ‘ydes ‘8ny ‘Sny Ainf Anf ounf ounf Arp aS ‘rey | ‘uel 
I€6I ‘PO wor}e}S IS6I. “N WOr}e3S 
e fe e e e 9 oh I 9 e e e e e e e e e I zy S A A e A e A A i e e | enzusoed 
S19U09902) 
z a) e e I e e e e e e A A si A e e e e e e e e e e A A I I a) A A | euntssiT3qns 
xqHOT) 
e e e e e e e e e e e e e e e e e e e 2 Cd e e e e e e e I e e e | eSOULIOF 
eT[aUOIIEISV 
I I e e I 9 A) 9 3 e 2 I I A A e ate cy a ey 9 9 ad 9 2) fe) 9 73 9 a A I eoyed eryosZzzINy 
I R) I ) e B) e 9 Bia REE I I 5) e e A A I | 9 yi 9 A e I a ie Ch \eo> LE A A | eSOd1IzUOA 
eqyjoquiAD 
ey a) A I A I e ee I d iS Ss ) a ey ACE A IE | a zu S Claesch: yO aia al a) 9 A |‘dds soyjyueuqoy 
O O De ASE e i e e A e Za 9 9 ay ad e é A I 9 I I I ii 4 ) I a) O Ce AG a. | ‘dds 
vursuoyduio0s) 
Ono. A e e e e e A ae tT 2s CEL “4 at A e I I I © A e) ae NeL 5 ) Ss I A e ‘dds emozeig 
Nee ee aaanEnnEente aaRaeenennENE 
Shenk lee Sis Ly LI OS) O08 » LG. €6 Le Site t alae shee LY 2le- slie- OS ~| 08 £0. SECT LG SE OL Sila Gee £6 GG t Lo «TE | 96 
ounf Ae ady ‘repel -qeag ‘uef | 390 ‘Sny Aqnf ounf ||ounf Aep <idy -rep} ‘qa ‘uel ‘9eq “390 |'ydeg “Sny Ajnf ounf || -aon | 390 ydag “sny Ajnf ounf ounf ‘ady “rey | “qa,q 


O€-6661 “A UOHeIS 


‘ (je}0} yo “yue0 10d Z 


uey} erou) uourWIOD = 0 


O€-666T “S UOHEIS 


‘yuesqe 
£ ([e}0} Jo ‘yus0 red QT Wey} o10UL) TOUTUIOD 





M4 


®) 





T€6I (1) UOReIS 


farer ATOA = A, {oreI == 5 
‘JULUIMIOp-09 = O 


‘yueurMOp-qnus = S ‘{}UEpUNqe jou 3nq JULUTWOp = p ‘zUEpuNge pue juLUTMIOp = (J 


saa [ Aang ey) Ut avery suyoopy-aaq jvgrwuiud—Op ATAVE 





97- 


THE PLANKTON 








A A I a) 5 e ) ry al e e e I A e a e e e v J e ** suezeu sntyorseyds 
A I A f I e e A A e e I Ceeeme A e e A A A 3 e os *+ -dds x1qj019, 
A a) ry I e A e 2 p I I 2) I I e e e e e e e e ah ** pun erpoudS 
e e e e e e e eB e A a, e e I A e ie e e e I e BULIUTY SOUS eTJO}OPOA 
e e e e e e eB 2 e e. e I e e 9) O al a e Pp I e ** BSOULIOJ LTOUOTIDISY 
A RP 9 R) 4 ry ey e A e A I a 9 ss I x A fe e e I ‘* SINPITA PMA N 
O ‘al ny a q a ie ad A S ad d ad I 8) be e e 3 e d A) — eared eiyosz}IN 
I e A A e 9 A I d ad 9 9 J * A cy A e e e e 7 ** Bynzuedeyd stau099077 
e e e e e e e e e e e e e e z O e e e e e 9 VIPSULIOJUL CIILTIEL] 
O I a a) I A e 2 A e e I ) I qd 3 A e e Pe e I ** BsOoLIqUaA PTTEquIA’): 
e e e I I e e e e e 2 e I I 2 a A) 2) e e e e ve ‘dds sayjueuyoy 
I RY a) 3 ral I A e ze A A I . 9 A ry R) A e v e rai ‘dds ewouoyduior 
I 5 9 € 3 A B m e I e I z I vt *: ‘dds vurozerqy 














F 0€ 


LG 0% 
Aew -idy ‘rey |‘qoq cuef ‘9a "20 "ydag | 
| 


OT 8I pI tl La FI LG 06 O€ Ig 61 96 SI 03 | IT S LI LI 
Ainf ounf Aepw cidy ‘re | qoq ‘uef ‘o9q ‘AON | ‘299 ‘3dag ‘sny Amn ee 


























Aew ‘idy ‘rew |‘qoq ‘uef ‘aon | (9Q ‘3dasg “sny Amf ounf || Ae qdy IU deg uel) Dod 99 ‘ydag ‘sny Amf sunf 


08-6061 “JT FOHeIS O€-666T “d UOHeS 
A e I e e e | e e e e e e g I e e Q) e v e e e ‘+ «dds x1y}01Q, 
3 I 3 e A A e I e) A e e A e e A A 9 ay e e A a ** euqn eipsuAS 
e e e e e e e I e e e e e e e (3 e e e e e ev | BUBTUTYSoMOUT PTTa}OPOAD 
e e v e e e e e A e e e e e e e e e e e e e ** BSOULIO} ETOUOTIOISY 
ay O ‘ai I A p I e ze A e 9 I p A A p e 9 A e z "+ B_NPLITA eTNITAeNT 
J a A A e I I 9 qd 9 S 9 9 e e e eB I ‘al > a e a eared eIyosZz}IN 
e ' e e A e e I 9 3 S A e e e e a e e I e 9 ** Binzuaoeyd stou09007, 
A 2 A 2 e e A e A I e A A e e v e I e e e v PIPOULIO}UT CLITISeLT 
| a O e 9 e e e R) zy a a O A) e A e e e e aoe I al "+ BSOOLIZUA eTPoquuiA 
a I I e e e A e 4 S I - e e e e e A e I e A oe ‘dds soyjzuruyoy 
9 a) F, Pp e e e e e A 9 O ss ES A A e B i 9 A B ‘+ ‘dds eurouoyduios 
I O I I e e e ad 5 a) v A O A e ze e e a I A e | ae *+ «dds ewozrig 
OT rl LI Lt LG O€ O€ 0G 96°. 61 9G IT ¢ LI LI Lo v O€ 03 96 61 66 





O€-6Z61 “O WOT}eIS : 0€-6Z61 ‘OG uoreIS 
panuyuoI—p ATAV] 


Station F. 1929-30 


continued 
Station G. 1929-30 


TABLE 40 


Station H. 1929-30 


&I 


IT 


SURVEY OF THE RIVER TEES—-NON-TIDAL REACHES 


Ary 


‘idy 
“Te 
Q94 
‘uel 
09] 


“AON 


‘ydas 
“sny 
Ayn 
ounf 
Ae 
‘idy 
“ICIN 
“God 
‘uel 
“AON 


"0 


"ydas 


Aqnf 


ounf 


APTN 
‘idy 


‘IRIN 


“Ged 
‘uel 


“AON 


‘'~O 
"ydag 
2 


“SNnYy 


Aynf 





HOUOD RB evOaeaeaeaa 


hAxeoaePeOaeadu 


HOeSGteetuAacaans 


SHeUdtCSetethtcasd 


ceeacadatct suc 


SaseectUctoroau a 


arcrancvuadatcesn 


OsuHv0AOPaHO 


HHH ACA OHH 


oaoOepaArran 


WPA ¢c> Os Om > 


oo0A PrP aeHrPoeH 


HOLA aPOoOHP ae 


Sserrancdsadaadaaden 


CH Ooo ReHUH OOH 


BSHHeBHH Oa 


OxsaeaexeaeoaeHnvsOo 
OvnOsOaawran 
aHoOBOLRBOaP 
OonHOOOHO BA BH 
HOU PHoo aan 
oeoOoHnP BOA RRO 


SHeeragoRhaacr 


SBaaecencdcndtd rand ep 
SHoeHtctdcateantkad 
Ht®HnOesQOo00e bur 
H@eHt@OOGHon 
Oru eOO atbao 


eeeeceHnOOsodd 


oe 
. 


dia. . 
la 


Gomphonema spp. 
Achnhanthes spp. 
Fragilaria interme 
Cocconeis placentu 
Nitzschia palea 
Cyclotella meneghiniana 


Scenedesmus spp. 
Synedra ulna .. 


Cymbella ventricosa Be 
Navicula viridula 


Diatoma spp. .. 


Station A. 1929-30 


Station B. 1929-30 


Station D. 1929-30 


Sphaerotilus natans 


Ulothrix spp. 





aL API 
6 idy 


OL “IPI 


OL “49a 
oz ‘uel 


9T “99d 


SIT AON 


13 ‘PO 
91 3dag 
61 ‘sny 
st Anf 


LI ounf 


ol AeW 





O1 ‘dy 


OL “IPIN 


Ol “994 
0% ‘uel 
91 90d 
SI ‘AON 
Iz 0 
91 ‘yds 
61 “Ssny 
st Auf 
gi ounf 








el Aen 
Ol ‘dy 
OL “2 





Ol “42a 
13 ‘uel 
91 99d 
1Z ‘AON 





ZB 390 
LI “ydas 
03 “Ssuy 
gt Ain 
Sirs ounf 








COHH POOR HL GHA 


oOKHHHOOA OC aAP> aH 


HOHHH HON BAP AA 





PHAO RBH POBBO BO 


rPHAOP HOO BAL BA 


pPPrPsetHoHneacAao 


sueOeHnOOearpan 





>yPNt0O0A a BOaS 


HeHOSo0On BHO 


e>aQOaev0o POR aa 


oR BOoHOUVP2OO ae 


wpepOrPOHAcsoaada 





rOHP eaoORAoaacop 


onoPpHovAoaeaadu 


adr>aunocevQO0aeay 





Sara suHAdeadaeao 


SuesesHnesed0deda dO 


>saecescUdetcetdad tO 


Setanta rraetccvuasa 





eeuOarOonaOas 


fos) 


eaeotsHe 


xe oOnd & 


wOR e@eaeOraeO dy 


aagueaus dQO a0 


asgOakOPAaeO0oada 


ooHP BORO aARtaARYO 


OOHPHOHO OG OF 


SuHueeaetctAtdgdeaeunod 


8 


Diatoma spp. 


Seccesadeadad a 


fos} 


ios} 


Gomphonema spp . 


Achnanthes spp. 
Cocconeis placentula 
Ulothrix spp... 
ntricosa 
Nitzschia palea .. 
Navicula viridula 
Surirella ovata .. 
Scenedesmus spp. 


Cymbella ve 


Gs) 


3 


clotella meneghiniana : 


Cy 


lata 


Euglena granu 
Sphaerotilus natans 





aA 


ee 


5819 


TABLE 40—continued 


Station C. 1929-31 


1931 


1930 


1929 


THE PLANKTON 


6I 


61 


1G 


v6 
Or 
8% 
ai 
T¢ 
61 
81 
1G 
£6 


ol 


96 


8Z 


0€ 


Ol 
or 


to 
1G 
91 
61 


66 
LI 
0G 
91 
8I 


‘20d 


"AON 


“AON 


"90 


"290 


‘ydag 


"ydas 


‘Suny 
“Sny 
Aqnf 
Aqnf 
ounf 
APN 
‘aidy 
ady 


“IPA 


‘qa 


uel 


“‘sny 
Aqnf 
aun { 
ArW 
‘idy 


“IVA 





‘q9 
ue f 
‘20 
‘AON 





"PO 


"ydas 


“sny 
Aqnf 


oun 





Diatoma spp. 





OoOoOPrPHeP POR eae BO 


Ho 


On 


Gomphonema spp. .. 


Achnanthes spp. 


a O 


1 O 


nO 
80 


4 O 


Cocconeis placentula 


Ulothrix spp. 


os 


@ 


O08 8 8 


HOOP aA 


oof Pan 


HOR oso 


oO 


>A 


Po 


uO 


PROO OUD 0 


aOOn,a?P 


aoonaePeAe 


nO o> mH 


HOo AeA 


a 
a 


HA vO 


HoOoUHP & 


OoOHOaRSaAS 


ovoAn ae 


>PHOAunad 


PPOP aa 


HA Hw > 3 


oH 8AO 


eOone PA 


®O0A OPH 


HOOD o ax 


WH 


fos} 


@ 


is 


HOR oaP 
HHO SBOP 
>POaad 


sPpus st 


esAOO aar 


x 


6 


@ 


oOne ao 
Hor auR 


oALV BoD 


2008800 


HA 


3A 


os} 
Co} 
HUW) 
a0 


HY) 


8A 
3A 
he) 
a> 
a0 
a3 
> 3 


o> 


HAHO Roa 


Cymbella ventricosa 


Nitzschia palea 
| Navicula viridula 


oe 


Surirella ovata 
Scenedesmus spp. 


Cyclotella meneghiniana 
Euglena granulata 





1 


Sphaerotilus natans 





_ Estimates of relative abundance at Stations U, S, N, Qa, L, C, and A are based on counts; those for the other stations are based on general inspection of deposits from centrifuged samples. 
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PLANKTON IN THE TIDAL STRETCH BETWEEN YARM AND STOCKTON 


Series of samples of plankton were collected in June 1930 at intervals of one 
mile in the tidal stretch between Yarm and Stockton. The results of examination 
of these samples (Table 45) showed no great differences in the plankton from the 
several points in this stretch. The same species were found as in the plankton of 
the river between Croft and Yarm. Samples collected below Yarm at various other 
times indicated the occasional appearance of Eudorina elegans. 


TABLE 45—Free-Floating Algae between Yarm and Stockton 


5th June, 1930 











Miles below Yarm 0 1 2 3 4 5 6 as 8 9 10 
Cyclotella meneghiniana .. € r r r Veo, a5 ~ . - ~ 
Diatoma vulgare .. G c c c c c Cc r c c r 
Synedra ulna r c Vv r c c Ce, 0 Jane c r 
Ceratoneis arcus r ~ Vv Vv Vv ~ - Vv r r 
Achnanthes exilis r c < c r Vv r Cc Cc C z 

. linearis Cc 2 Cc Cc c ¢ Cc Cc Cc Cc . 
Cocconeis placentula c ~ Vv rier c € € c r ft 
Navicula viridula . : Cc C Sais 2 eeS Shen b>) Sok scare Otimons © e c 

,  eryptocephala .. c Se Miae nerdy E. c e c c Cc r 

» — gracilis c Vv Vv Vv Vv - - - Vv - - 
Gomphonema olivaceum C c c Cc Cc Cc G c c c c 
Cymbella delicatula Pee ve SSeS Hy ees. rv hn et ee 

ee ventricosa C C S CG G Lt C C C iG C 
Surirella ovata e c c 2 c c C c tte e c 
Nitzschia acicularis C C Cpe iy c femear Gorr eG c Cc 

é palea c - r r z ~ - r r £ Vv 
7 dissipata r - - — - - - _ - ie = 
Oscillatoria brevis ~ Vv ~ - - - - - a _ 2 





C = common (more than 10 per cent. of total); © = common (more than 2 per cent. of total) ; 
==) Tare; v= very rare. 


SOURCES OF PLANKTON 


Possible sources of plankton are the river bed, lakes and reservoirs, small pools, 
and bogs, marshes and ditches along the river system. It has already been pointed 
out in an earlier publication (Butcher®) and in this chapter that of these sources 
the sessile algae on the river bed are the most important. This conclusion is also 
supported by the fact that the seasonal variations in plankton in the Tees are 
similar to the seasonal variations in sessile algae. With regard to reservoirs as 
possible sources of supply, the plankton of Hury and Blackton reservoirs and of the 
river Balder down to the Tees at Cotherstone was examined on several occasions. 
The results of two series of observations, when samples were taken first at the 
reservoirs and at the outfalls and then at intervals of two miles down the Balder to 
the Tees, are given in Table 46. Characteristic lake forms such as Astertonella 
disappeared rapidly after leaving the reservoirs. The numbers of certain diatoms 
usually found on the bed of the Balder increased with increasing distance from the 
reservoirs and Navicula viridula did not become common until Station P where it 
was abundant and dominant on the river bed. It is to be concluded therefore that 
‘the plankton of the reservoirs on the Balder does not materially affect the Tees 
plankton, though it may at times increase the number of species in the river. 

The other possible sources of supply were not explored. At times of flood 
occasional specimens of such diatoms as Pinnularia viridis, and of such algae as 
Zygogonium ericetorum and Cosmarium spp., which are usually associated with bogs 
or ponds, were found in the Tees. These were never common and there is con- 
sequently no indication that such places are important sources of supply. 


H4 
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TABLE 46—Free-Floating Algae in Hury and Blackton Reservoirs and the River Balder 
6th April, 1931 
Numbers per ml. 


In the Balder 


Hury 
reservoir At 2 miles 4 miles from 
reservoir from reservoir, 
outfall reservoir Station P 
Asterionella formosa ay, 95 6 + — 
Synedra ulna on ci 18 3 1 + 
»  pulchella bis 16 4 — — 
Diatoma vulgare .. ~ 155 28 27 30 
Achnanthes microcephala — 1 — 1 
Navicula viridula af — — —— 28 
Cymbella ventricosa 8 4 14 33 
Gomphonema olivaceum 3 1 4 10 
Nitzschia palea ap 1 5 24 11 
Other Algae ir oi 11 8 15 11 
Totaly. a 307 60 85 124 
12th June, 1931 
In the Balder 
Beginnin End of ‘ 
Blackton Sof 2 outfall : 5 miles 
reservoir : 3 miles 
outfall 1 mile f from 
rom ; 
reservoir gititie 
Station P 
Asterionella formosa a 15 Z 3 + — 
Synedra acus mA 2% 1 11 1 6 — 
Diatoma vulgare .. - 17 16 7 6 6 
Achnanthes microcephala 5 12 24 1 
Navicula viridula. . te — 2 oo 4 130 
Cymbella ventricosa i 3 1 7 11 3 
Gomphonema olivaceum + ve on 6 14 
Nitzschia palea .. be 16 12 8 3 6 
Other Algae es es 5 3 9 8 16 
Total .. a 62 49 47 68 176 


TABLE 47—Effects of Floods on Numbers of Free-Floating Algae 
; Numbers per ml. 
Station G (Piercebridge). 7th October, 1931 


| Immediately 2 hours after 5 hours after 


before rise rise rise 

of river (12.30 p.m.) (5.30 p.m.) 
Gauge reading 6" 29° 16” 
Diatoma vulgare es 5 122 1,176 542 
Synedra ulna oy: ms ey: 34 404 202 
Cymbella ventricosa a e 7 220 90 
Gomphonema olivaceum .. n 32 152 48 
Nitzschia palea.. "a ve 103 1,448 562 
ie acicularis at es 33 568 196 


Other Algae ie eee ee ar 24 356 82 
Total .. se * 355 4,324 1,722 
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TABLE 47—continued 
Station D (Croft Bridge). 13th and 14th October, 1931 






































Before $ hour Following 
flood after flood day 
Gauge reading. , 13” 29° 20” 
Melosira varians 4 6 2 
Meridion circulare + 4 + 
Diatoma vulgare 2 230 2 
Synedra ulna 5F Be 42 
Achnanthes microcephala 3 34 
Cocconeis placentula 28 
Navicula viridula .. ; i. 3 17 4 
Cymbella ventricosa a x 137 4 
Gomphonema olivaceum .-. B 56 
Nitzschia palea 9 509 10 
> acicularis 2 79 
Other Algae . 4 93 8 
Total -.:. <A sxc 27 1,235 30 
Sphaerotilus (filaments) .. te 7 69 40 
Station N (above Barnard Castle). 22nd March, 1932 
11 a.m. 
just Mid- Mid- 
before | 2 pm. |6p.m.| night | 10 a.m.|6p.m.| night | 10 a.m. 
flood 
Gauge reading 10” 38” 28” 24” 20" 16” 14” 4 
Meridion circulare BS 2 31 He re 1 
Melosira varians is 9 
Diatoma vulgare " 19 179 20 11 7 2 1 6 
Tabellaria flocculosa .. 3 
Synedra ulna .. ae 1 11 a 1 “ +- + 
a tenera .. ae? 17 -f- 1 
Ceratoneis arcus dy 8 26 _ 2 1 + “4 2 
Fragilaria intermedia .. 19 4 1 1 
Cocconeis placentula 1 8 3 3 + 1 
Achnanthes microcephala 4 37 10 12 2 1 3 3 
S linearis 18 oe 2 1 - 1 
Navicula viridula 2 8 5 3 1 14 1 1 
Cymbella ventricosa 2 19 1 3 a 2 2 
Gomphonema olivaceum 18 250 8 13 10 4 5 ai 
Nitzschia palea .. ‘es 44 3 3 = 1 2 2 
Ulothrix spp. oo 14 24 12 5 1 2 + 
Other organisms 4 37 3 6 3 2 2 6 
Total 68 730 76 72 40 26 18 45 


Another series of observations at Station N on 13th October, 1931, gave, as totals per ml.: before 
flood, 694; at rise of flood, 1706; six hours after flood, 688; twenty-four hours after, 351. 


EFFECT OF FLOODS ON PLANKTON 


As the river bed is normally covered with algae of all kinds, and as floods have 
been shown to reduce considerably the volume of these growths, it is to be expected 
that a flood will cause a great increase in the numbers of organisms in the free- 
floating communities. That this is so may be seen from Table 47. Immediately 
following a flood there is a very large increase (up to 50 times on occasion) in the 
numbers of free-floating organisms, chiefly of species dominant on the river bed 
at the time. Within a few hours the numbers fall rapidly. If the flood is 
short-lived, the numbers drop to about their original value within twelve hours. 
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If the flood is of longer duration the numbers fall more gradually to a value lower 
than that recorded before the flood. A series of floods such as occurred in June and 
July 1931 reduces the numbers to a value considerably below the average. 


PRINCIPAL SPECIES IN THE PLANKTON 


Consideration of the species at the various stations on the Tees again indicates 
the relationship generally found between the sessile and free-floating algae, though 
some differences in the two groups were observed. 

The plankton communities in the river above Middleton-in-Teesdale (Stations 
U to Qa) were similar to those in the sessile growths and included Achnanthes 
mcrocephala (usually dominant), Gomphonema olivaceum and Diatoma species (co- 
dominant in the spring), and Cocconeis and Navicula viridula (rare). Points of 
difference were that in the plankton Chaetopeltis was absent and Ulothrix subtilissima 
was not so abundant ; in addition Nitzschia palea was present in larger numbers and 
Asterionella formosawas occasionally dominant. The appearance of Asterionella was 
seasonal, in June or July. As there are no reservoirs nor pools of any size above 
Station Qa it might reasonably be assumed that this diatom develops in quiet 
stretches of the river, such as the Weel, or in bogs or bog pools; no definite evidence 
on this point was, however, obtained. Similar remarks apply to the appearance of 
Dinobryon at Trout Beck Foot. 

The plankton at Station N (above Barnard Castle) like the sessile algae, was 
in most respects similar to that at Stations U to Qa. 

Differences between the plankton in certain stretches of the river from Barnard 
Castle to Croft,as represented by observations at Stations M to F, and the plankton in 
the river above Qa (Holwick Bridge) were in general similar to those observed in the 
sessile microflora. For example, seasonal variation was more marked, there were 
larger numbers of Navicula viridula, and Cocconeis was occasionally dominant. 
Comparing the plankton and the sessile organisms, it was found that in the plankton 
Nitzschia palea was more abundant, thalloid and similar algae with effective 
anchoring devices were comparatively rare and on occasion such forms as Cyclotella, 
Ankistrodesmus and Scenedesmus were present in numbers unrelated to those in the 
sessile growths. It is worthy of note that Asterionella was rare in the plankton in 
this stretch. 

With regard to the plankton in the stretch of the river below the confluence of 
the Skerne at Croft and above Yarm, the total numbers of organisms per ml. were 
greater than at stations above Croft. As with the sessile growths, the plankton 
included larger numbers of the diatoms Navicula viridula and Cymbella ventricosa 
than farther upstream, but there was not the same marked increase in Cocconeis. 
Seasonal variation was similar to that in the sessile algae except that the Cyclotella 
community appeared in late summer and there was no equivalent to the Ulvella- 
Stigeoclonium community. Another point of interest was the absence of A sterionella. 


PLANKTON AS AN INDICATION OF THE CONDITION OF THE RIVER 


Some consideration was given to the possibility of utilising the results of 
examination of plankton collected from different points in a river as an indication of 
the condition of the river water. It was concluded, however, that observations of 
plankton cannot in most circumstances be as valuable in this respect as observations 
of the sessile microflora. The main reason for the lower value of plankton as an 
indication of the condition of the water is that the free-floating organisms are carried 
downstream at very different rates according to the height of the river water. In 
times of flood the rate of travel downstream may be many times greater than during 
periods of dry summer weather. The composition of the plankton, in the sense in 
which the term is used in this report, is also largely affected by the scouring action on 
the sessile growths of floods in the main river and in the various tributaries. 


SUMMARY 


The observations show that the principal free-floating algae in the Tees are 
derived from the growths on the river bed. Their occurrence at different parts of the 
river, their seasonal distribution, and the effects of floods on their occurrence and 
distribution support this view of their origin. Plankton from reservoirs has little 
effect on the plankton of the river. The free-floating communities however do 
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not exactly correspond in composition with those found on the bed of the river. 
The more firmly attached algae, such as Ulvella frequens and Chaetopeltis, are 
practically absent from the plankton, other forms, such as Cyclotella and Asterion- 
ella, appear, and the proportions of certain species differ somewhat from those 
in the growths on the bed of the river. These differences, due partly to the fact 
that some sessile algae can be more easily detached from the bed than others, may 
also to some extent be due to differences in rates of sedimentation and in rates at 
which the algae can multiply while floating. Free-floating algae in such rivers as 
the Tees can hardly be regarded as a distinct plankton community such as is 
found in lakes and in very large and slow-flowing rivers. 
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CHAPTER XII 


SEWAGE FUNGUS 


Organisms of importance as indicators of pollution by organic matter include 
the community of polysaprobic forms known collectively as sewage fungus. An 
account of the habits and distribution of these organisms has recently been given 
(Butcher) so that it is unnecessary to do more than summarise the main conditions 
of their growth in the Tees. The chief form found in the Tees was Sphaerotilus 
natans var. cladothrix ; other varieties which occurred were vulgaris and depaupera- 
tus. There were also Zoogloea ramigerva and the protozoa Carchestum lachmanm and 
Epistylis sp., but these were rarely in quantity except in the Skerne. 

Sphaerotilus natans var. cladothrix grows chiefly in water polluted by organic — 
wastes; apparently its growth is encouraged by amino acids, by ammonium com- 
pounds, and by nitrates in the presence of carbohydrates (Trommsdorff®). Such 
nitrogenous and carbonaceous substances were found in the polluted parts of the 
Skerne and in the Tees below the Skerne. The concentration of dissolved oxygen 
has little effect as the organism has been found in water containing as little oxygen 
as 1 per cent. and as much as 100 per cent. of the saturation value. Growths have 
been observed in waters at temperatures from 1°C. to 30°C. (Linde'*’); the tem- 
perature of the water of the Tees was always within this range during the survey. 

Rate of growth in the Skerne below the outfall of Darlington sewage works 
(Station E) was measured by weighing the amount collected on glass slides exposed 
for 14 days (Figure 30). The results varied considerably without definite seasonal 
changes. There was some indication that the quantity of growth was greater 
when the river was low than when it was high; this might have been caused by the 
scouring action of the current or by the lower concentrations of organic matter 
in the larger volume of diluting water. 

In the Tees between Croft and Yarm the growths of Sphaerotilus showed 
definite seasonal variations. Just below Croft Bridge (Station D), in 1929-30, the 
organism was dominant from October to July, rare in August and common in 
September. It was always present at this station. At Station C (Eryholme) it 
was dominant from October to March or April, common in April and May, and 
rare or absent from June to September. Below Middleton Ford (Station B) it 
was dominant from October to February or March, common in March and April, 
and rare or absent from May to September. Further down, at Yarm (Station A) 
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it was dominant from November to February, common in March and rare or absent 
from April to September. There was not only a seasonal variation at each position 
but also a seasonal expansion and contraction of its range downstream from Croft ; 
the range was greatest in the cold months and least in the summer months 
(Figure 31). This expansion and contraction of the range corresponds with the 
changes with temperature in the rate of self-purification of the river. The more 
widespread distribution of the sewage fungus community in winter than in summer 
is thus due to the lower rate of self-purification of the river from pollution by sewage ; 
it is not directly due to the lower temperature as the optimum temperature for 
growth of most of the sewage fungus organisms lies between 25° and 30°C. 

In the Tees above Croft, Sphaerotilus was found below sewage outfalls at 
several places. It occurred at Station L (below Barnard Castle) throughout the 
year, though the growths in the summer were small, at Station O (Cotherstone) 
from November to February, and during most of the year at Station P (in the Balder). 
It was also found on one occasion in the winter at Station Q (Middleton in Teesdale), 
sometimes in the spring at Station F (above Croft), and at Station H (Rokeby) 
after November, 1929, during the construction of new sewage works at Barnard 
Castle. The occurrence of the fungus at F, which is above the Skerne, is accounted 
for by organic matter from the Clow Beck. This beck has two outlets into the Tees, 
one above and one below Station F; the outlet above Station F is used only during 
times of flood and it was at such times that Sphaerotilus occurred there. 

During the surveys of the Skerne very little sewage fungus was observed 
above Darlington, although the chemical data indicated a plentiful supply of 
ammonia and organic nitrogen. It would seem, therefore, that either some sub- 
stance in the river inhibited the growth of sewage fungus or certain conditions 
necessary for the growth of these organisms were absent. The source of the 
Skerne at the time of the survey was an effluent from a colliery village which in 
addition to sewage included drainage water from the colliery. This complex effluent 
apparently contained substances inimical to the growth not only of sewage fungus 
but also of the fauna. In the Skerne below Darlington, in addition to the heavy 
crop of sewage fungus below the Darlington sewage outfall, there was another strong 
growth below the point of discharge of effluent from a chemical works but above 
the sewage outfall. This works manufactured bone manure and sulphate of am- 
monia and distilled tar; the effluent contained tarry matter as well as other organic 
matter and ammonia. The growth of Sphaerotilus was extensive and large; its 
volume began to diminish before the Darlington sewage outfall was reached. 

In the estuary of the Tees below Yarm collections were made in 1930 of the 
sewage fungus growing on the piles and stones at the mouths of various sewers. 
The species found were Beggzatoa alba (dominant) and Zoogloea ramigera or possibly 
a zoogloid form of Beggiatoa (very common). Sphaerotilus natans was absent in 
spite of marked pollution by sewage. Beggiatoa alba was not found in any great 
quantity except near sewer outlets. 
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CHAPTER XIII 


NOTES ON SOME SPECIES OF ALGAE FOUND IN THE RIVER TEES 


In the course of examination of the algae of the river Tees new facts concerning 
the morphology of and variations in certain organisms were observed and some of 
the algae in the river were found to be new or little known species. Such ob- 
servations are recorded in this chapter though no attempt is made to describe the 
various species in detail. Descriptions of most of the algae can be found in “ British 
Freshwater Algae,” and the new or little known species found in the Tees have 
recently been described.” The chief books used in the course of the work on the 
Tees were “ British Freshwater Algae’ and the account of the diatoms given 
by Hustedt in “ Die Siisswasser Flora Mitteleuropas.”’ ® In the naming of the 
algae, Professor F. E. Fritsch, Dr. D. McCall, and Dr. F. Hustedt gave valuable 
advice. 


CHLOROPHYCEAE (GREEN ALGAE) 
Tetrasporales 


The most important plants of this group are the two recently described 
species Sporotetras pyriformis Butcher and Sphaerobotrys fluviatilis Butcher. These 
were sometimes common in the lower reaches. No examples of the closely allied 
genus Tetraspora were collected. 


Chlorococcales 


These were represented by three species of Scenedesmus, of which Sc. obliquus 
occurred most frequently. There was considerable variation in the size of the 
colonies and in the shape of the individuals, especially when found on the glass 
slides. Of other species, Ankistrodesmus falcatus, with many of its varieties, 
occurred, and Pediastrum boryanum and Coelastrum mucroporum were seen 
occasionally. 


Ulotrichales 


Two species were apparently widely distributed throughout the river system. 
One was a long-celled, slender form identified as Ulothrix subtilissima Rabh. The 
other, which possessed squarer cells and a stouter wall, was undoubtedly the 
common U. zonata Kiitz. Both species were observed producing zoospores. 
Some of the juvenile forms of U. zonata were not unlike U. subtilissema but were 
distinguished by the different number of pyrenoids. 


Chaetophorales 


Many of the commonest green algae of the river bed are included in this group. 
The most important were little known species, which were very common on the 
glass slides and whose occurrence has already been described; these included 
Ulvella frequens, Stigeoclonium farctum var. rivulare, St. falklandicum var. anglicum, 
Gongrosira incrustans and Chaetopeltis megalocystis. Coleochaete scutata Breb. was a 
regular constituent of the sessile communities in June and July near High Force 
but not elsewhere in the river; the setae were always very poorly developed. 


Desmidiaceae 

Desmids were very scarce in the Tees, and only certain more or less ubiquitous 
forms occurred in the summer. These particular forms were characteristic of 
eutrophic waters, and differed from the forms which are found in the English Lakes 
and inhabit waters poor in dissolved salts. The two commonest, Closterrum 
leibleinii Kiitz. and Cl. moniliferum Bory., occurred especially in the lower reaches 
of the polluted Skerne and have been frequently noted elsewhere in waters rich in 
organic matter (Turner and Weston"). 


Siphonales 

Vaucheria piloboloides Thur., or a new species closely related to it, occurred 
between Aislaby and Stockton on the banks of the river which were submerged at 
high tide. Although collected on many occasions in different months, this alga 


PLATE VII—COMMON ALGAE OF THE TEES (To face p. 112 
(i173) 
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9. Staurvastrum bienianum. x 800. 
x 15819 


PLATE VII, (18-27). 
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18. Cladophora glomerata. 
Outline of filament (actual width 0:05-0:06 mm.) 


19. Stigeoclonium farctum vat. yivulare. < Pao: 
Outline of prostrate system. 
20. St. falklandicum vat. anglicum. x 250. 


Outline of prostrate system. 
21. St. tenue. x 300. 
Erect system. 
22. St. farctum. xX 300. 
Erect system. 
23. Ulvella frequens. x 800. 
24. Chaetopeltis megalocystis. 800. 


25. Gongrosiva incrustans. x 800. 
(a) basal portion. 
“ (b) erect portion. 


26. Sphaerobotrys fluviatilis. x 800. 
27. Sporotetras pyviformis. x 800. 
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was found with reproductive organs only in September 1929 and on this collection 
the name is based. 
Cladophora glomerata is described in Chapter IX. 


Chrysophyceae 

This is a class of algae of which at present relatively few members are known 
in Britain; they are characterised by an orange-yellow pigment in the chromato- 
phores and many are mobile with the help of flagella. Doubtless members of this 
class, some of which are minute, have been largely overlooked. As many are free- 
swimming flagellate forms, it is natural that very few occurred in the Tees. The 
attached forms also seemed rarer here than in the parts of Europe where they have 
formerly been studied. Hydrurus foetidus, for instance, which is recorded by 
Geitler® as common in mountain streams in Austria, was not observed in the Tees. 
Two species that were found from time to time were Heterolagynion oedogonit and 
Phaeodermatium nivulare. Heterolagynion oedogonit Pascher, a colourless form, 
was by far the commonest of this group (see Table 35). This organism lives 
within an envelope resembling a crater through which protudes the flagellum. 
In young examples the envelope is pale and more or less translucent, but in older 
individuals it becomes thickly encrusted and dark brown, and the aperture becomes 
irregular. Apparently the envelope remains long after the death of the organism, 
since masses consisting of the partly dispersed envelopes are common. This or- 
ganism was recorded by Pascher‘® on Oedogonium, and it was seen in the Tees on the 
filaments of this alga and on Cladophora. Though this is one of the first records for 
this country, the alga is apparently extremely common at certain seasons, as it 
occurred in masses on submerged glass slides in the Tees, the Lark and the Hull. 
Phaeodermatium rivulare Hansgirg, which superficially resembles Chaetopeltis, 
is another attached form which was found occasionally on the glass slides. 


Bacillariales 


The chief group represented in the Tees was undoubtedly that of the diatoms, 
which accounted for about 70 per cent. of the total micro-organisms. Diatoms have 
a silicified cell wall which is sculptured in various ways, and their identification 
rests on the shape and the pattern of the markings of the cell-wall. As frequently 
the fine markings are very difficult to decipher it is usual to treat the diatoms with 
acid to dissolve the cell contents and leave only the siliceous shells, which are then 
mounted in a special medium. It is, however, impossible to treat diatoms in 
this way when making quantitative counts of living organisms and slight errors of 
identification are therefore likely to occur. The following notes indicate the range 
of variation in the commonest species and the points which were difficult to elucidate, 
especially when counting fresh material. 


Melostva varians C.A.Ag. This was common only on one occasion, below 
Croft in September 1931; auxospores were seen. 


Cyclotella meneghiniana Kiitz. This was apparently the only species of the 
genus represented. It usually occurred as single individuals or in pairs but oc- 
casionally chains of from 3 to 10 individuals developed on the glass slides. 


Diatoma vulgare Bory was apparently the only species of this genus which was 
at all common. This was not only one of the commonest but also one of the 
most variable diatoms in the Tees, and the type was on the whole one of the rarest 
of all forms found. The range of form may be judged from Plate VIII. Some of 
the forms can be identified as named varieties, such as var. linearis Grun. and var. 
ovalis Fricke, but it is difficult to assign others to any described variety. There 
are certain forms which simulate very closely D. elongatum vars. tenuis et minor. 
Although the resemblance is close it is doubtful whether D. elongatum was present 
except as isolated and untypical individuals, as all the forms found, even those with 
capitate ends, had valves with convex sides, whereas the valves in the type of 
D. elongatum are distinguished by parallel sides and capitate ends and in the 
varieties by slender form and non-capitate apices. Also, though the girdle view 
in all the forms from the Tees was frequently long and narrow, there was no sign 
of the concave sides which are characteristic of D. elongatum. 


Meridion circulare Agardh. When this diatom was common the variety 


constricta Ralfs was frequently seen in addition to the type. The variety differs 
from the type in possessing a capitate apex. 
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Ceratoneis arcus Kiitz. The form of this diatom was very variable. Examples 
of the variety amphioxys were always found when the type was abundant. C. arcus 
was usually observed in sheaves similar to those formed by Synedra ulna, and not 
in the short bands recorded by West and Fritsch "». 


Fragilaria intermedia Grun. This is a common and very variable species, 
distinguished by an asymmetric, unmarked portion (the pseudo-nodulus) in the 
centre. The frustules have been observed not only in short ribbons, as in other 
species of the genus, but also in bundles, thus simulating some species of Synedra. 
Like all the other frequently occurring species the range of size is considerable, as 
are also the variations in the apex, which may be blunt, acute or somewhat capitate. 


Synedra species were extremely difficult to distinguish in the counts, because 
of their variability and because many other species, e.g. Fragilaria intermedia, 
were superficially not unlike them. Typical Synedva ulna, S. affinis and S. acus 
could be distinguished with certainty, but there was great difficulty in determining 
Synedra acus var. radians, S. tenera and certain forms of the first three species. 


Cocconeis placentula Ehr. and C. pediculus Ehr. The former was one of the com- 
monest diatoms of the river while the latter was very rare. Asin the small species of 
Achnanthes, the characters which separate these two species were almost impossible 
to determine when making the algal counts, especially as in size and shape 
C. placentula often resembled C. pediculus. 


Achnanthes species. The small species of this genus are between 5 and 10, in 
length and are therefore very difficult to distinguish except on carefully prepared 
slides examined under a 75th lens. The identification is further complicated by 
the necessity for examining both valves of the individual and especially the side 
containing the raphe. The following species in particular are very much alike: 
A. microcephala Kiitz., A. minutissima Kiitz. and its variety cryptocephala, A. 
linearis W.Sm. and A. exilis Kiitz. A. microcephala can usually be distinguished by 
its capitate ends, though A. minutissima var. cryptocephala also exhibits this charac- 
teristic and in many collections all kinds of apex from capitate to blunt are present. 
In girdle view A. muicrocephala apparently differs from A. linearis by the slightly 
re-curved ends. When counting samples, A. linearis and A. minutissima are 
practically indistinguishable. A. exis can usually be recognised by its larger size, 
but certain small specimens, especially if lying on their pseudo-raphe side, are very 
difficult to distinguish from A. minutissima. It is unfortunate that these diatoms 
were so difficult to determine when counting, as data obtained from counts on 
prepared slides suggested that the distribution of these species was correlated with 
the composition of the river water, A. microcephala occurring in the purest waters, 
A. linearis in the middle portion of the river, and A. exis in the lowest part of the 
river. 


Navicula. This is the largest genus of fresh water diatoms, and it is therefore 
surprising that in the Tees it is represented by very few species. Of over a hundred 
recorded in England only six are at all common and the full list does not exceed 
twelve. Navicula viridula Kitz. was the commonest of these and was rather less 
variable in size than the other diatoms of the river. Another very widely dis- 
tributed form, N. vadiosa Kiitz., is only distinguishable from N. viridula by the 
shape of the central portion and the disposition of the striae there. In N. vividula the 
unmarked portion is almost circular, in N. radiosa its width is greater than its length. 
In the many specimens examined there seemed to besuch variation in shape that there 
was some doubt as to the possibility of separating these two species during counts. 
From the evidence of the prepared slides, however, the majority of the specimens 
may be referred undoubtedly to Navicula vindula, N. radiosa occurred only rarely 
at some of the mid-river stations. Navicula cryptocephala Kiitz. was the second 
commonest species, and in contrast to N. viridula, showed a very wide range of 
variation in size, such varieties as exzl1s (15-20 » long) being as common as the type 
(30-40 » long). 


Cymbella ventricosa Kiitz. This was one of the commonest diatoms and it was 
also very variable in size and outline. Although it is included in the sub-genus 
Encyonema, in which the species are often developed in mucilaginous tubes, these 
tubes were never observed on the Tees in the several hundred collections made. 
It was observed on the Tees that Cymbella sinuata Greg. differed from the 
other species of the genus in that the frustules were grouped in the form of 
ribbons, in the manner of a Frragilaria.. In addition, the raphe was frequently very 
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PLATE VIII.—TYPICAL DIATOMS OF THE TEES 
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1. Cyclotella meneghiniana. X 750 
(a) valve. 
(b) girdle. 
2. Fragilaria intermedia. X 750. 
(a) valve. 
(b) girdle. 
3. Diatoma vulgare. x 750. 
(a) to (e) various common forms of valve. 
(f) girdle. 
4+. Meridion civculare. 750. 
3. Ceratoneis aycus, two common forms. x 750. 
6. Synedva ulna 
faeapex. < 750: 
(b) valve. x 375. 
7. Rhoicosphenia curvata, girdle. 750. 
8. Achnanthes microcephala. x 750. 


10. 


(a) valve. 
(b) outline of girdle. 


(c) to (e) outlines of various common forms. 
. Achnanthes minutissima. 


x 750. 
(a) valve. 
(b) outline of girdle. 


(c) to (e) outlines of various common forms. 


Achnanthes linearis. X 750. 
(a) valve. 


(b) outline of girdle. 


(c) to (e) outlines of various common forms, 
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13. 
14. 


~ 


15. 
16. 
ie 
18. 
192 
20. 
Zils 
. Cymbella helvetica. 
23. 


. Cymbella ventricosa. 
. Cymbella delicatula. 

. Nitzschia hungarica. 
. Nitzschia palea, two common forms. 





Cocconeis placentula, two common forms. xX 
Achnanthes exilis. X 750. 
(a) valve. 
(b) outline of girdle. 
Navicula cryptocephala, twocommon forms. 
Navicula gvacilis. X 750. 
Navicula vadiosa. X 750. 
Navicula digitovadiata. ™ 750. 
Navicula viridula. X 750. 
Gomphonema intricatum. X 750. 
Gomphonema parvulum. x 750. 
Gomphonema olivaceum. 750. 
Gomphonema lanceolatum. x 750. 
x 750. 
Cymbella sinuata. 750. 
(a) and (b) valve. 
(c) girdle. 
x 750. 
x 750. 
x 750. 
x 750. 


. Nitzschia acicularis, x 750. 
. Nitzschia dissipata, xX 750. 
. Surivella ovata. xX 750. 
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delicate and difficult to see and occasionally altogether lacking. According to 
Hustedt (private communication), Navicula confervacea, which also forms ribbons, 
loses its raphe; it is possible that this takes place also with Cymbella sinuata. 


Gomphonema olivaceum Lyngb. This was a very common diatom throughout 
the river system and varied considerably in size. When seen in valve-view it was 
unmistakable, but when seen in girdle-view during counts, it was similar to the 
other small forms that occurred, viz. G. parvulum and G. intricatum, though it 
appeared usually in girdle-view to have more divergent sides than these. The 
varieties minutissima and calcarea also occurred. One of the striking features of 
G. olivaceum and G. parvulum is the length of the hyaline stalk, which in some 
cases is fully 5mm. There is nothing worthy of comment about the other species 
that occurred. 


Didymosphenia geminata (Lyngb.) M. Schmidt (Gomphonema geminatum 
Lyngb.). This diatom apparently has a very restricted range in Britain, being 
so far recorded chiefly from mountain streams. Though rarely dominant, this 
very large diatom was conspicuous in many of the collections. It was observed 
throughout the river system, but became rarer at the downstream stations. Like 
G. olivaceum, this species always possesses a stalk of considerable length. 


Nitzschia. This genus covers a wide range of forms all characterised by the 
possession of a keel. The larger species, such as N. dubia W. Sm., N. sublinearis 
Hust., and N. acuta Hantzsch presented no difficulty, but there was a collection of 
very delicate forms, of which Nitzschia palea Kiitz. was the commonest, which 
were very difficult to distinguish when counting. Among these were N. capitellata 
and N. subtilis which seemed to occur occasionally among collections of N. palea. 
Nitzschra filtfornus (W. Sm.) which is characterised by being contained in mucila- 
ginous tubes, was found abundantly in the estuary. Nu¢tzschia dissipata Kiitz., 
which is usually a free-living form, was observed once within mucilaginous tubes 
similar to those of N. filiformis. 


RHODOPHYCEAE (RED ALGAE) 


Lemanea fluviatilis and L. mamillosa. These two species, which are dark 
blue-green and not red, were conspicuous in the spring and summer on rocks in 
the river. Apparently only the former grew in the upper river, and only the latter 
was found below Croft. Both were seen at such places as Barnard Castle. The 
plant may be considered to be a “ perennial.’ From May to August mature 
specimens were found on the large boulders. In August the long coarse filaments 
died away but in the scrapings on the same rock a Chantransia form could always 
be found. This form was abundant throughout the autumn and winter and pro- 
duced monospores during February and March. Towards the end of April the 
characteristic Lemanea growths appeared among the Chantvansia growths and on 
the same boulders as in previous years. Lemanea seemed to be confined to the fastest 
flowing stretches, as stated by many authors, and to grow only on stones and 
rocks that were never shifted even by the largest floods. 


MYXOPHYCEAE (BLUE-GREEN ALGAE) 


This group of algae, though very important in certain lakes and pools, where 
members of it are responsible for water-bloom, was rare in the Tees. This is worth 
noting, as Fritsch’? reports a prevalence of the group in rivers in Devon. Of the 
species he describes, Oncobyrsa cesatiana was rare in the Tees, and the closely 
related O. rivulavis, as well as species of Xenococcus and Chroococcopsis, were 
not observed. 


Chamaesiphonopsis regularis Fritsch, which was first described from Devon by 
Fritsch, appears to be one of the commonest stream algae, since it has been 
found in all rivers (six) so far examined. In the Tees it was abundant and charac- 
teristic, frequently forming blue-green layers several sq. cm. in area. The cells 
appear polygonal through mutual pressure, but when not growing closely packed 
they are perfectly round. A species of Chamaestphon, the identification of which 
was somewhat doubtful, occurred rarely in the Tees. It showed a relationship to 
two species, viz. Ch. curvatus Nordst. and Ch, tncrustans Grun. It resembled the 
latter in size and form and in the number of gonidia usually produced. It differed 
chiefly in the presence of a thickening of mucilage at the base, which gave it an 

a 15819 ; 
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appearance similar to certain forms of Ch. curvatus. Characteristic examples of 
the latter were, however, seen in the Tees, and these were always considerably more 
elongated, curved and narrower, and the number of gonidia at the top of a single 
specimen was greater. It seemed therefore better to refer the form in the Tees to 
Ch. incrustans, with which, except for the thickened base above mentioned, it 
agreed. : 

Films or crusts of filamentous blue-green algae were rare in the Tees and 
confined to occasional patches on the largest boulders above Croft. In such 
places Phormidium retzit, Oscillatoria brevis and Rivularia sp. were found. 

Phormidium foveolarum was, as also recorded by Fritsch’ for the Devon 
rivers, a frequent constituent of the Ulvella-Stigeoclonium and Ulvella-Chamae- 
siphonopsis communities. 
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CHAPTER XIV 


Meroe OP tht CHIEE PEANIS IN” THE RIVER*TEES 


A = abundant; C = common (more than 10 per cent. of total); c = common 
(more than 2 per cent. of total); r = rare; v = very rare. 


Species 


Ranunculus flutans Lam. 


Callitriche intermedia Hoftm. 
Mynophyllum spicatum L. 
Elodea canadensis Michx. 


Sparganium ramosum Huds. 
bs simplex Huds. 
Potamogeton natans L. 
alpinus Balbis 
perfoliatus L. 
interruptus Kit. 


crispus L. 
pusillus L. 
Zannichellia palustris L. 


Scirpus lacustris L. 


Grimmia apocarpa var. rivu- 
laris (Brid.) 

Cinclodotus fontinaloides P. 
Beauv. 

Fontnalis antipyretica L. 

Eurhynchium rusciforme Milde 

Amblystegium fluviatile B. & S. 

Cephalozia flmtans Nees 


Nutella opaca Ag. 


Sphaerotilus natans Kiitz. var. 
typica Butcher 
natans Kiitz. var. 
vulgaris Butcher 
natans Kiitz. var. 
cladothrix (Cohn) 
natans Kiitz. var. 
depauperatus 
Butcher 

Zoogloea ramigera Itzig. 


Beggiatoa alba Trev. 


























Frequency Distribution 
PHANEROGAMA 
Oe In non-silted stretches of Tees below 
Croft; also in R. Skerne. 
ie In the Weel and near the source. 
a In the Weel; rare below Croft. 
Ce Among patches of other plants below 
Croft; common in the Skerne. 
C. Only in the Skerne. There abundant. 
Y Only in the Weel. 
oe Only in the upper Skerne. 
V. Only in the Weel. 
Vv. In the river below Croft. 
We In non-silted stretches below Croft and 
in the Skerne. 
€. Among patches of other plants below 
Croft. 
Tr Among patches of other plants below 
Croft. 
Vv. In the Tees only below Croft ; common 
in the Skerne. 
Ge Abundant in the Skerne; in the Tees 
at Neasham Ford. 
BRYOPHYTA 
kK In the Tees above Middleton-in-Tees- 
dale. 
es In the Tees above Croft. 
Ci Throughout the river system. 
C, Throughout the river system. 
Ps Throughout the river system. 
re In the Tees above Middleton-in-Tees- 
| dale. 
CHARAPHYTA 
| e | At Low Middleton Ford. 
FUNGI 
| : 
iss _ In the Skerne. 
At E and D. 
A. Near all sewage effluents and D-A. 
Vv. C-A. 
i At mouths of sewers in the estuary; 
also at Station E. 
r. At mouths of sewers in the estuary. 
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Species 


Volvocales 


Pandorina morum (Miill.) 
Eudorina elegans (Ehr.) 


Tetrasporales 


Sporotetras pyriformis Butcher 
Sphaerobotrys fluviatilis 
Butcher 


Chlorococcales 
Pediastrum boryanum (Turp.) 


Scenedesmus obliquus (Turp.) 
»  Qquadricauda (Turp.) 
. biyjugatus (Turp.) 
Ankistrodesmus falcatus 
(Corda) et vars. pl. 
Coelastrum microporum Naeg. 


Ulotrichales 
Ulothrix zonata Kiitz. 


subtilissima Rabh. 


>) 


Chaetophorales 


Stigeoclonium falklandicum 

var. anglicum Butcher 
farctum var. 
vivulare Butcher 

% tenue Kiitz. 

Chaetophora pisiformis Roth. 

Gongrostva incrustans 

Schmidlei 
Ulvella frequens Butcher 


+3 


Coleochaete scutata Breb. 
Chaetopeltis megalocystis 
Schmidlei 


Oedogoniales 
Oedogonium spp. indet. 


Conjugatae 

Spirogyra sp. 

Zygogonium ericetorum Kiitz. 
Closterium ehrenbergu 
Menegh. 

a lecbleoni Kiitz. 


% moniliferum (Bory) 


fy acerosum (Schrank) 
Cosmarium turpinit Breéb. 

fs undulatum 
Staurastrum bientanum Raben 
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Distribution 


Only seen once, at N. 
Occasionally, A-Stockton. 


In summer, D-A. 


In summer, D-A. 


Sporadically throughout the river 
system. 

In summer, L-A. 

In summer, D-A. 


In summer, D-A. 


In summer, L-A. 
Sporadically, D-A. 


Throughout the river system especially 
in spring. 

Throughout the river system but es- 
pecially F-U in spring. 


Throughout the river system but es- 
pecially F-U. 

D-A in the summer. 

D-A in the summer. 

Once seen at U. 


D-A in the summer, and in the Skerne. 
Throughout the river system in the 

summer. | 
Q-S in the summer. 


F-S. 
In May and June, D-C. 


In May and June, D-C. 
Only seen once, at S. 


Sporadically, D-A. 

In June throughout but especially 
D-B. 

Sporadically throughout the river 
system, Q-A. 

Sporadically, D-A and E. 

In July throughout river system. 

In July throughout river system. 

In July throughout river system. 
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Species 


Siphonales 

Vaucheria piloboloides Thur. 
ie spp. indet. 

Siphonocladiales 


Cladophora glomerata L. et 
vars. pl. 


Chrysophyceae 

Heterolagynion oedogonu 
Pascher 

Phaeodermatium rivulare 
Hansgirg 

Bacillariales 

Melosira varians C. A. Ag. 


Cyclotella meneghiniana Kiitz. 


Tabellavia fenestrata (Lyngb.) 
y flocculosa (Roth.) 


Diatoma vulgare Bory et 
var. pl. 


; elongatum Agardh. 
a Iuemale (Lyngb.) 
Meridion cirvculare Agh. et 
var. constricta Ralfs 
Ceratoneis arcus Kiitz. et var. 
amphioxys (Rabh.) 
Fragilaria capucina Des. 
A intermedia Grun. 
3 gracillima Mayer 
es virescens Ralfs 
Astertonella formosa Hassall 


Synedra ulna (Nitzsch) et vars. 
] 


re acus Ktitz. 
» amplicephala Kiitz. 
e. teneva \V. Sm. 
»  pulchella Kiitz. 
affinis Kiitz. 
Eunotia arcus Ehr. 
» lunaris (Ehr.) 
Cocconeits placentula Ehr. et 
vars. pl. 


pediculus Ehr. 
Achnanthes microcephalaKiitz. 
a minutissima Kiitz. 
minutissima var. 
cryptocephala 
Grun 
= linearis W. Sm. 
- exilis Kiitz. 
lanceolata Breb. 


?) 


Rhoicosphenia curvata (Kiitz.) 


x 15819 














Frequency 


7. 


e 


3 


aS 


ce 


O>s< 


PA OORe 





Oo Orde O 


Ts Cie Raa Gite wae SA 





Distribution 


On mud at A and below. 
D-C in June and July. 


D-A in June. 
P and L in June. 


At all stations. 


Occasionally, N-S. 


In autumn, O-A. 

In summer, D-A. 

Rarely, S-F. 

S-N. 

In the Baldersdale reservoirs. 
In the river, S-N. 

In the Baldersdale reservoirs. 


One of the commonest and most 

variable of the diatoms in the river. 
Occasionally seen and never typical. 
Only seen once, at S. 


In spring, Q-A. 


Especially U-F. 

At S, N and L. 

Chiefly U-F and rarely D-A. 
Sporadically, U-F. 
Occasionally, U-N. 

U-N 


In Baldersdale reservoirs. 


D-A rarely U-F. 

U-F rarely D-A. 

Sporadically, at all stations. 
Sporadically, at all stations. 

Chiefly at stations U-F. 

Seen only at G and L. 

Chiefly H-S. ‘ 
Sporadically, at G, O and S. 


Very variable. Q-A, 
the summer. 

U-F. 

U-F. 

Throughout the river system. 


except N, in 


Throughout the river system. 
Throughout the river system. 
Chiefly D-A. 

Sporadically throughout the river. 
O-A 


In the Skerne, 
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Species 





Bacillariales—(contd.) 


Amphipleura pellucida Kiitz. 
Frustulia vulgaris Thwaites 
Gyrosigma acuminatum Kiitz. 
- spencert (W. Sm.) 
i scalproides (Rabh.) 
Caloneis amphisbaena (Bory) 
Newdium affine (Ehr.) 

vi artdis (Ehr.) 

a dubtum (Ehr.) 
Diplonets ovalis (Hilse) 
Stauroneits anceps Ehr. 

‘y smith Grun. 


Anomoeonets sphaerophora 
(Kiitz.) 
Navicula rotaeana (Rabh.) 
Le heuflertana (Grun.) 
- bacillum Ehr. 
pupula Kiitz. 
»  eryptocephala Kitz. 
et vars. pl. 
i viridula Kiitz. 
¥: vadtiosa Kitz. 
vi; gracilis Ehr. 


g anglica Ralfs 


Pinnularia subsolaris Grun. 
3 viridis (Nitzsch) 
Amphora ovalis Kiitz. 
Cymbella delicatula Kiitz. 
a pusilla Grun. 
,  cuspidata Kitz. 
Z ventricosa Kiitz. et 
vars. pl. 
= affinis Kiitz. 
,,  erstula (Hempr.) 
ee lanceolata (Ehr.) 
te helvetica Kiitz. 
sinuata Greg. 
Didymosphenia geminata 
(Lyngb.) =Gomphonema 
geminatum (Lyngb.) 


Gomphonema acuminatum Ehr.| 
55 parvulum (Kiitz.) 


a angustatum 
(Kiitz.) 
. lanceolatum Ehr. 


* intricatum Kiitz. 


a olivaceum 


pl. 


Epithemia zebra (Ehr.) 

Hantzschia amphioxys (Khr.) 

Nitzschia hungarica W. Sm. 
“ sublinearis Hust. 
»  aussipata (Kiitz.) 





(Lyngb.) et vars. 
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Distribution 





N,M &C. 
Oa and G. 
C-A. 

B and A. 
A 


Rather common at times at A. 
At times in plankton. 

At times in plankton. 

At times at N and C. 

Once at N. 


| Once at L. 


A regular but rare constituent of 
plankton at N. 


Once at C. 

At Qa and N. 

At Qa and N. 

U-F. 

Sporadically at Qa and N. 


Throughout river but especially D-A. 
Especially D-A and P. 


_ U-G and especially G and H. 


Throughout the river system but es- 
pecially D-A. 


| Throughout the river system but es- 


pecially D-A. 
Sporadically in plankton. 
Sporadically in plankton. 
Only at D. 


| Especially at N, S and U. 


Especially at N, S and U. 
At N and S. 


At all stations especially L-A. 

At all stations especially N, S and U. 
At all stations especially R and S. 
Sporadically throughout the river. 
Sporadically throughout the river. 
Especially at P, O and L-C. 


Especially U-L. 
At Qa and S. 
Especially U-N. 


Especially U-Qa. 
Especially at U, S, R and Qa. 
At U, 5 and Qa. 


Throughout the river but especially 
N-F. | 


N-F. . 

At A. 

Only in the upper Skerne. 
Sporadically throughout the river. 
Sporadically throughout the river. 


CHIEF PLANTS IN THE RIVER TEES 





Species 








Bacillariales—(contd.) 


7 acuta Hantzsch 

na palea (Kiitz.) 

» subtilis (Kiitz.) 

»  sigmotdea (Ehr.) 

of sigma (Kiitz.) 

»  acicularis (W. Sm.) 


Cymatopleura solea (Breb.) 
3 elliptica (Breb.) 
Surirella angustata Kitz. 
3 tenera Greg. 
Jj ovata Kitz. 


Euglenineae 
Euglena granulata 


Rhodophyceae 


Batrachospermum densum 
Sirod. 


Lemanea fluviatilis 
C. Ag. 

Lemanea mamullosa 
Kitz 

Hildenbrandia rivulanis 
(Liebem) 


et forma 
chant- 
ransiae 


Myxophyceae 
Merismopedia elegans A. Br. 
Oncobyrsa cesatiana Raben 


Chamaestphon incrustans Grun. 
7 curvatus Nordst. 


Chamaestphonopsis regularis 
Fritsch. 

Rivularta sp. 

Oscillatoria brevis Kiitz. 


* tenuis Ag. 
Phormidium foveolarum Gom. 
> retzi (Ag.) 





vagum Roth. 





Frequency 


QOn spe 


a Se 


i 


cieee. 


" 


ge 


9 On Os p 





Distribution 





Sporadically throughout the river. 


Throughout the river, especially H-B. 


Sporadically throughout the river. 


Sporadically, D-B. 
At A 


Sporadically throughout the river, ab- 


sent U-Qa. 
Rarely seen. 
Rarely seen. 
Rarely seen. 


Rarely seen. 
Especially D-A. 


E-B in plankton. 


In the Skerne at Sk. 5 and 6. 
Only at Sockburn. 


On rocks, S-L. 
On rocks, P-G. 


On stones at Neasham Ford. 


At B. 

At N. 

Sporadically at all stations. 
At N and C. 


B-P in Summer. 
At R. 


Sporadically throughout river system. 


Once at N. 
Sporadically, N-B. 
Sporadically, U-F. 
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CHAPTER XV 


THE ANIMALS OF THE RIVER 


The study of the fauna of rivers has attracted comparatively little attention 
though it is obviously of importance in investigating the effect of pollution on the 
general biology of a river and on the fishes of commercial or sporting value. The 
only rivers in this country on which faunistic surveys have been carried out in any 
detail are the Wharfe™, the mountain streams of Cardiganshire, the Lark‘® and 
the Itchen™. 

In studying the animals of the Tees attention has been directed mainly to 
macroscopic forms, as no attempt could be made in the time available to obtain a 
complete faunistic list. This has involved the omission of the Cladocera, Ostracoda, 
Copepoda, Rotifera, Nematoda and Protozoa. In a swiftly flowing river like the 
Tees it appears from earlier work'*) improbable that planktonic animals are of any 
great ecological importance. The bottom-living forms of these orders, particularly 
of the Protozoa, may be numerous, but the microfauna of rivers is to a very large 
extent an unexplored field. Collection of the larger forms has the advantage of 
enabling comparisons to be made with results already obtained elsewhere. This 
Chapter and Chapter XVI deal with the invertebrate fauna and information on 
the distribution of the fishes of the river is given in Chapter XVII. 


METHODS OF EXAMINATION 


At most stations no attempt was made to obtain ‘‘ quantitative ”’ collections. 
A stramin hand-net was used on the bottom and among weeds. The material 
obtained gave a fairly representative sample of the organisms according to their 
relative abundance, though as the area sampled was not always the same no 
great significance can be attached to the actual numbers obtained ; it is only possible 
to record the organisms as abundant, common, rare, or absent. 

At four stations, C (Eryholme), L (Abbey Mill, Barnard Castle), N (above 
Barnard Castle) and R (below High Force), quantitative methods were employed 
and series of samples, extending over more than two Bes at Stations C and L 
and over one year at N and R, were obtained. 

At Station C the bed of the river consists of small stones ranging in size from 
gravel to pebbles about 3 cm. in diameter. Samples were taken at this station by a 
scoop designed by Percival and Whitehead'®. The scoop, 20 cm. in width, was 
pushed down into the bed of the river to a depth of about 5 cm. and then horizon- 
tally upstream for a measured distance of 20 cm.; it thus removed material from 
an area of 400 sq. cm. The material obtained was washed on two sieves, the 
smaller with a mesh of 0:5 mm., and the organisms were picked out, identified and 
counted. Although there was no difficulty with the apparatus, the number of 
organisms obtained, especially in the winter, was often very small and it would 
have been preferable to have taken samples from much larger areas; samples were 
sometimes duplicated but the numbers were still small. It would have been neces- 
sary to take at least ten samples to obtain numbers statistically satisfactory, but 
time did not permit of this. During the summer each scoop-sample contained a 
fair number of organisms and the data obtained were sufficient to give an idea of the 
nature of the animals and of the seasonal variation in their numbers. 

At Stations L, N and R a modification of the sag-net method of Needham” 
was used. A square iron frame with sides 4-metre long was placed on the bed of 
the river. At its downstream edge was placed a large stramin net, 1 metre 
wide, with its mouth opening towards the frame. The stones within the square 
were picked out by hand and the organisms on them were washed into the net. 
Any animals which were detached from the stones during their removal were 
swept into the net by the current. Removal of stones was continued until 
either the solid rock or a layer of stones embedded in gravel, where inspection 
showed the absence of animals, was reached; this layer usually lay at about 
three stones depth from the surface. This method was satisfactory at all stations 
where it was used, and the number of organisms collected was usually large enough 
to enable the seasonal variation of the more common species to be followed. Since 
the stones have to be hand-picked its use is limited to places where the pebbles 
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are not too small and numerous for individual handling nor too large for handling or 
for inclusion in a frame with an area of 0-25 sq. m. 

These two methods can only be used in shallow water. The area of deep 
water in the Tees is comparatively small and the difficulty of quantitative sampling 
on a stony river bed at considerable depths has therefore not arisen. Floods made 
qualitative methods of investigation of the bottom fauna very difficult and quanti- 
tative investigation, by the methods available, impossible. During the winter of 
1929 a few qualitative samples were obtained during floods by a small dredge 
worked from the bank, but it was found more profitable to wait until the river had 
fallen and then make collections by the ordinary methods. 

To obtain some idea of the effect of floods on the bottom fauna a few tow-net 
samples were taken at the surface from bridges during periods of high water. 
A medium silk net was used and was fished usually for ten minutes. At the end 
of this period the net was frequently choked with debris brought downstream by 
the flood and a longer fishing period was therefore useless. 

Collections were made from June 1929 to May 1930 at approximately monthly 
intervals at 15 stations on the river and its main tributaries. Regular monthly 
collections then ceased except at Stations C, L and R, and quantitative 
sampling at station N was begun in July 1930. Sampling at Station R.was dis- 
continued in December 1930 when quantitative samples had been obtained for a 
year, but collections were continued at the other three stations until October 1931. 
Additional data were obtained by visits at irregular intervals to other stations 
after regular sampling had been discontinued. 

The greater part of the collections consisted of the larvae of various insects, 
particularly of the orders Diptera, Trichoptera, Ephemeroptera and Plecoptera. 
The larvae of these insects have been little studied and their life histories are in 
many cases unknown; it was therefore frequently impossible to identify the 
larvae accurately. Among the Diptera the larvae could not generally be placed 
even in their genera and when there was any doubt as to the validity of the deter- 
minations the larvae were grouped only into families. There is, however, in this 
order one genus, Simulium, of which the larvae and pupae have been satisfactorily 
described‘® and can be referred to their proper species. The advantage of accurate 
determination of species will be shown when the facts obtained from a study of 
the distribution of Simulium are compared with those for Baetis, a genus in which 
the larvae cannot be satisfactorily determined. Among the Trichoptera, Epheme- 
roptera and Plecoptera, it is generally possible to obtain generic identification of 
the larvae, except in the family Limnophilidae of the order Trichoptera. In general, 
specific names can be attached only to larvae of monospecific genera, or to 
genera of which only one species, which has been identified as the adult in the 
Tees area, is known to occur in this country. To assist in the determination of the 
larvae of Trichoptera, Ephemeroptera and Plecoptera collections of adult insects 
were made by means of a net; a list of those obtained is given in Table 48. 

Identification of Oligochaetes also presented difficulties. Lumbricids were 
not common and it was unnecessary to attempt specific determinations, but Tubifi- 
cids were abundant in some places and of obvious importance in the study of 
pollution. Toidentify these worms accurately involves the cutting of serial sections 
of each worm, a course which takes up too much time when collections containing 
up to 100 specimens are regularly obtained. There appeared, from external features, 
to be two genera, Limnodrilus and Tubifex. 

The main authorities consulted for the identification of the animals found are 
given in the list of references on p. 147'% 101.12), 


TABLE 48—List of Insects taken on the Wing on the Banks of the River Tees 
May 1929—June 1932 . 











| Where found | Time of occurrence 
at ; (Letters give survey station) | Months 
TRICHOPTERA 
Rhyacophila dorsalis | C, N, H, Cauldron Snout June, October. 

| Agapetus comatus Gat BG. | June, July. 

|  Glossosoma vernale CL, N | June, August. 

| fe flavomaculatus C, H, L, M, N, O, Cauldron | June, July, August. 

Snout 





] 
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TABLE 48—continued 


—— 








TRICHOPTERA—continued. 


4 longicauda 
lateralis 
Rhithrogena semicolorata 


Where found 
(Letters give survey station) 


Snout 

C, Ca, F, N, O 

Cauldron Snout 

15,.1CB, hy Finely, Nae OP aie 
Cauldron Snout 


Time of occurrence 
Months 


Hydropsyche instabilis B, Ceca eh N June, July, August. 
y ornatula A, GaCs May, June. 
lepida B, Ca, F July, August. 

Psychomya pusilla B, Cs€aj Dy Fy Ee June, July, August. 
Odontocerum albicorne O July. 
Leptocerus nigronervosus Ca, CB May. 

2 annulicornis B, H June. 

2 cinereus A, B, C, Ca, D, F June, July, August, 

September. - 

Pe albifrons B, Ca, D August. 

™ commutatus A, C,N, O June, July. 
Mystacides azurea B August. 

; nigra A,B June, August. 
Limnophilus vittatus Cauldron Snout June. 
Micropterna sequax N August. 
Halesus digitatus O September. 
Drusus annulatus O he, 
Ecclisopteryx guttulata H, S, Cauldron Snout June. 
Goera pilosa A,B i 
Brachycentrus subnubilus Be May, June. 
Lepidostoma hirtum B August. 

MEGALOPTERA 
Sialis flavilatera A June. 
»  fuliginosa C a 
EPHEMEROPTERA 

Ephemera danica Ca June. 
Ecdyonurus venosus B, C, Ca, L, N, U, Cauldron | May, June. 


| July, August. 


June. 
May, June, July, August. 


¥ haarupi Cauldron Snout May. 
Heptagenia sulphurea A, Bao May, June. 
Ephemerella ignita C, Ca, D, N, O July, August, September. 
Caenis macrura G 


Baetis vernus 


Amphinemura cinerea 


Protonemura meyeri 


B, Coe Ge oe Nea G bee 
Cauldron Snout 


B,.G, CaxCB, G,; H, L,O,R, $,.U, 
Cauldron Snout 
S, Cauldron Snout 


July. 
April, May, June, July, 
August. 


April, May, June, July. 
May, June. 


»  bioculatus B,C, Ca, F, H, L, N, O, Cauldron } April, May, June, August, 
Snout September, October, 
November. 
»» pumilus B, C, Ce, C8, H, L, N, Q, Caul- | May, June. 
dron Snout x 
,,  Yhodani NS June, July. 
Centroptilum luteolum S May. 
PLECOPTERA 
Perla carlukiana > June. 
»  cephalotes S ‘ 
Perlodes mortoni C, L, Cauldron Snout May, June. 
Chloroperla grammatica C; Ca, CB, L, N, 0, 'S, Cauldron’}’May, “June; “july: 
pe Snot 
Isopteryx tripunctata H, L, N, O, Q, S, Cauldron Snout | June, July. 
+ torrentium Ca, CB, L, O, S, Cauldron Snout | May, June. 
Nephelopteryx nebulosa B March. 
Taeniopteryx risi N April. 
Leuctra geniculata B,N August. 
.. fusciventris A, B, C, Ca, D, F, G, H, L, N, | May, June, July, August, 
O,S September, October. 
5 inermis O, S, Cauldron Snout May, June. 





GENERAL RESULTS 


The fauna of the Tees is rich in number of species and also, at times, of in- 
dividuals. The average numbers of animals per square metre at the four stations 
at which quantitative collections were taken are given in Table 49, which includes 


~ 
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comparative data from two other rivers for which figures were available. It will 
be seen that the average density of population of the Tees is of the same order as 
that of the Wharfe where the bed consists of loose stones and that of the muddy 
reaches of the Lark but very different from the cemented stones of the Wharfe and 
the stony reaches of the Lark. 


TABLE 49—Average Number of Animals in the Rivers Tees, Lark and Wharfe 
Numbers per Sq. M. 





River Tees. 
Station C (Eryholme) (average of 25 samples) et, Re 544 
Station L (Abbey Mill, Barnard Castle) (average of 25 samples) 847 
Station N (above Barnard Castle) (average of 14samples) .. 136 
Station R (below High Force) (average of 12 samples) Pe 106 
River Wharfe. (Percival and Whitehead ‘) 
Loose stones : e Pe ig, de re ae 842 
Cemented stones .. = i oF My xh ye 5,770 
River Lark. (Butcher, Pentelow and Woodley ‘°?) 
Stony bed .. ee ne a r A ay: <% 3,031 
Muddy bed. . 7 Me A Le tou are ns 802 











| 





The greater part of the fauna of the Tees consists of the larvae of aquatic 
insects, and in this it resembles the Wharfe and differs from the Lark. Owing to 
their aerial adult life, the effect which the seasonal periodicity of these forms has on 
the numbers of the larvae present makes it necessary to divide the consideration 
of the fauna into two sections, dealing with geographical distribution and with 
seasonal variation. 


GEOGRAPHICAL DISTRIBUTION 


A list of all the organisms obtained is given in Table 50. In the construction 
of this table the abundance of organisms has been designated not by the numbers 
obtained, since in most cases the collections were made by non-quantitative methods, 
but by symbols. Thus the commonest animals are listed as cc; those which oc- 
curred either fairly regularly in small numbers or only occasionally but then in large 
numbers are indicated by c; those which were found only occasionally and in small 
numbers are marked +. A blank indicates that no specimen of the species was 
obtained. The distinction between these classes is somewhat arbitrary, but in 
general they give a fair idea of the distribution of the animals in the river. Of the 
species obtained about two-thirds are never recorded as cc at any station. On the 
data obtained it is not justifiable to deduce the variations of the distribution of 
these animals in the river and only those recorded as cc will be discussed. 


In general the commonest animals fall into three groups. The first group 
includes Chironomid larvae A, Hydropsyche sp. larvae, Polycentropus sp. larvae, 
Rhyacophila sp. larvae, Ecdyonurus sp. larvae, Ephemerella sp. larvae, Baetis sp. 
larvae, Leuctra sp. larvae, and Ancylastrum fluviatile, all of which were found more 
or less abundantly at almost all stations. The second group includes Chironomid 
larvae B, Simulium equinum larvae, S. reptans var. galeratum larvae, Gyrinus sp. 
larvae, Leptocerus sp. larvae B, Asellus aquaticus, Lumnaea pereger, Herpobdella 
octoculata and the Tubificidae, which were abundant at one or more stations in the 
river below Croft but were rare or absent above Croft. The third group includes 
Tanytarsus sp. larvae, Simulium monticola larvae, S. variegatum larvae, Agapetus 
sp. larvae, Rhithrogena sp. larvae and Chloroperla grammatica larvae; these were 
abundant only at stations above Croft, although occasional specimens were found 
_at the lower stations. The distribution of a few organisms which cannot be placed 
in these three groups must be considered separately. Larvae of Brachycentrus sub- 
nubilus were abundant at Stations A, B, Q and S. They were common at Station 
R, but rare or absent in the middle reaches from Station C toO. Gammarus pulex 
was abundant at Stations B and O, but rare elsewhere. Limnophilid larvae A 
were abundant only at O, though occasional specimens were found at all other 
stations except A. Gammarus duebemt occurred only at Station A. This species 


is estuarine in distribution. / 
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TABLE 50—Disiribution of Invertebrates in the River Tees and tts Tributanes 


cc = very common; c = regularly present in small numbers or occasionally in large numbers; -++ = present 
occasionally in small numbers. 








Main Stream Tributaries 
Station 
A B. GO D.¥ G. Ay LN O77 02 RS 2 eee 
DIPTERA. 
Chironomid 1.A. CO“.CO CC L4cG,. "CC CO | 00 p CO CO COMECC mene cen ace 
a IB: See Ge: Suey. oe cc 
os LG: c 
a LE. ue 
Tanytarsus sp. I. + + + OC 4-06 MCE 6 CGH 1 CC Bene + CCl FEC 
Simulium equinum lI. cc cc + + 
i reptans s.s.l. = Comet Geek ae 
it, reptans var. ce + ‘ce 
galeratum 1. 
es monticola 1. al Coo ee Se cc occ 
a variegatum 1. 2 he ee e+ e~ ce cc 
tuberosum 1. ane Cc 
Tipulid larvae BREE TT -PCEN eT Shs Fetioaebet heart + 
Ephydrid larvae ate 
COLEOPTERA. 
Deronectes elegans a ee Poe = aE 
Re elegans |. aie = 
ee 12 pustulatus =o = 
5s 12 pustulatus + 
5 borealis oe 
a borealis 1. ak 4. 
Hydroporus rivalis ees as 4 4: 
A rivalis 1. + e 
Platambus maculatus 1. 4+ 4. 
Latelmis volkmari + ae + 
_ a» volkmari 1. Sr ad Sere ye er a ey Sf cles hae ie i? Ot 
Limnius sp. l. ae =. 
Gyrinus sp. 1. ce of 
TRICHOPTERA. 
Hydropsyche sp. 1. Cr? Cbs ps £6 Price tee aie 6) + ne Cee 
Polycentropus sp. l. COL SO. gE OC CGs oC FCC. ICO. m0 ECC aM CG ail ne + + 
Rhyacophila sp. 1. CO) =be ce Miciiecs Veit ec + + + + cc 
Agapetus sp. l. sce ctoae ciepes DOr iGr. reek ak ue = 
Glossosoma, vernale 1. +. i ef 
Hydroptila sp. 1. Bt 5} pais c 
Leptocerus sp. L.A. He eh eae a “bh “hs 
2 sp. LB. Co. OCR 6 aonb ee ae 
Mystacides sp. l. zs 
Odontocerum albicorne l. ae 4: 
Limnophilid 1A. le eae ote. ae, SE i eee ee ES 
‘ LB. ate a a a 
i LG, ate 
Brachycentrus sp. l. CCuuCC + fea Ce Cae 
Lepidostoma hirtum 1. Be Pee pay ae 
Goerinid larvae A eis te if 
HEMIPTERA. 
Aphelocheirus aestivalis a 
Gerris sp. +4 
EPHEMEROPTERA. 
Ephemera sp. 1. ae 
Ecdyonurus sp. l. ce = el @hGGs eeCrs CC yee CC Cz HOCE ACC AEC cco + 
Rhithrogena sp. 1. he pt AT ae Meee e Ne soe co + ere 
Ephemerella sp. 1. + co + coy co Ss ec see’ iece c + ce 
Caenis sp. l. ae c eo 
Baetis sp. 1. CO Pe Ce CeO uae thiCG.. Cg = oo nae spb iaturs 
Habrophlebia sp. 1. Se 
Paraleptophlebia sp. 1. + + 
PLECOPTERA. 
Perla sp. |. - ++ et tt 4+ 4+ 4+ 4+ + 
Perlodes sp. 1. ere ee een ee = 9%. ee 
Chloroperla grammatica 1. + + + 4+ cle fe Ce cee ie + + 
Isopteryx sp. l. ae + + +o +s + 
Nephelopteryx nebulosa 1. c + a2 
Taeniopteryx risi 1. + 
Capnia sp. 1. + 
Leuctra sp. 1. -|- Co. Cees Cop 34 (0 CO meCe orce: c + Crue 
Amphinemura sp. 1. +p et fe Te yi + “pete 
Protonemura sp. 1. a Cc + c 
Nemura sp. l. 5 + 
CRUSTACEA. 
Gammarus duebeni cc , 
¥ pulex + ce + + + 4+ + cc + c 
Asellus aquaticus + + ce 
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TABLE 50—continued 














Main Stream Tributaries 
Station 
Ape Cores anG filer i; JIN OamOr HRA Sol Re. Koo 
MoL.usca. 
Ancylastrum fluviatile COC Ore ee COM ae CaCO MICO ra CO MCE ECO MC Certee 
Limnaea pereger cone} cc ee tae aie opie © ee 
5 stagnalis 4. 
Physa fontinalis + 
Planorbis planorbis ++ 
Hydrobia jenkinsi + 
Sphaerium corneum c + + + 
HIRUDINEA. 
Herpobdella octoculata + + + +co + “f+ -+ + 
Helobdella stagnalis + + 4+ 4+ 4 + 
Glossosiphonia complanata + oa 
OLIGOCHAETA. 
Lumbricidae a a Soret aan abs a os 
Tubificidae + co =ce ch -E + + + cc 
Naididae + 
TRICLADIDA. 
Dendrocoelum lacteum + + oh a 
Planarian indet. “ 
Planaria polychroa + 





| 


Series of quantitative collections at Stations C, L, N and R provided the data 
given in Tables 51 and 52 showing the relative numbers of animals. At Station C 
the majority of the organisms found belonged to the Chironomidae and Tubificidae. 
Although many others occurred, the only animals present in numbers more than 
2 per cent of the total were Caents sp. larvae, Leuctra sp. larvae, Hydroptila sp. 
larvae and Leptocerus sp. larvae B. At Station L, Chironomidae again largely 
predominated, owing to the abundance of the larvae of Tanytarsus sp., but other 
organisms were more abundant than at Station C. Polycentropus sp. larvae, 
Ecdyonurus sp. larvae, Rhithrogena sp. larvae, Ephemerella sp. larvae, Baetis sp. 
larvae, Leuctra sp. larvae and Auncylastrum fluviatile all occurred in numbers greater 
than 2 per cent of the total. At Station N the Chironomidae were fewer and the 
most abundant animals were Riithrogena sp. larvae. Chironomidae were second, 
and then came Ecdyonurus sp. larvae and Leuctra sp. larvae (greater than 10 per 
cent); Polycentropus sp. larvae, Agapetus sp. larvae, Baetis sp. larvae and Ancy- 
lastrum fluviatile were all present in numbers greater than 2 per cent of the total. 
At station R larvae of R/uithrogena sp. were by far the most abundant, forming 
40 per cent of the total. DBaetis sp. larvae were next with 28 per cent, then 
Leuctra sp. larvae 10 per cent and Ecdyonurus sp. larvae 8 per cent, while Chiro- 
nomidae provided only 2-5 per cent of the total. These figures form a useful basis 
for comparison with the results of Percival and Whitehead” for the River Wharfe. 


It is clear from the results obtained that it is the occurrence of communities 
of animals rather than of any particular species that characterises the various 
reaches of the river. From Station F to Station S the dominant organisms were 
Chironomid larvae A, Tanytarsus sp. larvae, Polycentropus sp. larvae, Ecdyonurus 
sp. larvae, Rhithrogena sp. larvae, Ephemerella sp. larvae, Baetis sp. larvae, Leuctra 
sp. larvae and Axcylastrum fluviatile. At some stations this community was 
altered by the appearance in abundance of other forms, e.g. larvae of Simulium 
monticola and S. variegatum at Station G and Limnophilid larvae A, Chloroperla 
grammatica larvae and Gammarus pulex at Station O, or by the absence or rarity of 
some of its typical forms, e.g. Chironomidae, Polycentropus sp. larvae, Ephemerella 
sp. larvae and Leuctra sp. larvae at Stations R and S$. Although there were these 
modifications the basic community could still be recognised at all the stations above 
Croft. 


Below Station F, though most of the species mentioned above were found, the 
communities differed from those above Croft owing to the preponderance of animals 
which were rare or absent in the upper river. Each station below Croft had a 
community of its own. At Station E, which was situated in the Skerne after it 
received Darlington sewage, the only organisms regularly present were Chironomid 
larvae B and Tubificidae. 


At Station D a much more complex community was found, of which the typical 
members were Chironomid larvae A, Simulium equinum larvae, S. reptans var. 
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galeratum larvae, Hydropsyche sp. larvae, Rhyacophila sp. larvae, Asellus aquaticus, 
Ancylastrum fluviatile, Limnaea pereger and Herpobdella octoculata. 

At Station C the fauna was somewhat poor in variety; the community nor- 
mally present contained only Chironomid larvae A, Chironomid larvae B, and 
Tubificidae. During the summer this community was modified by the appearance, 
in some quantity, of larvae of Caenis sp. and Leuctra sp. 


TABLE 52—Average Percentage Composition of the Fauna of the River Bed 














Station C ig N R 

Number of Collections ae 25 14 12 
DIPTERA 

Chironomid 1.A. 12-68 29°77 13-05 2-52 

Chironomid 1.B. 10-11 0-43 3-16 

Chironomid 1.C. 21-51 

Tanytarsus sp. l. 1-29 33°25 3-16 

Other Dipterous larvae 1:65 0:30 0-21 2:21 
COLEOPTERA : 

Adults and larvae. All species 1-10 0-23 0-63 0:32 
TRICHOPTERA 

Hydropsyche sp. 1. 1-84 1-15 0-42 

Polycentropus sp. 1. 0:92 6-46 7:58 

Agapetus sp. l. 0-40 4:63 

Hydroptila sp. 1. 3°31 

Leptocerus spp. I. 4-04 0-09 

Other caddis larvae 0-74 0-42 2-53 0-63 
EPHEMEROPTERA 

Ecdyonurus sp. 1. 1-47 4-51 12-63 8-83 

Rhithrogena sp. 1. 0-55 2°81 24-42: 40-70 

Ephemerella sp. 1. 0-18. 3-02 1-89 0:95 

Caenis sp. l. 5-88 0-19 0-21 

Baetis sp. 1. 3°44 4:2 28-08 

Other Ephemerid larvae O-11 0-21 0:32 
PLECOPTERA ; 

Leuctra sp. 1. 2:21 3:53 12°63... 10-72 

Amphinemura sp. 1. 1-34 1-26 1-58 

Other stonefly larvae 0-37 0-98 1-89 2-84 
CRUSTACEA 

Gammarus pulex 0-23 
MOLLuUSscA é 

Ancylastrum fluviatile 0-74 7:02 4-84 

Other Mollusca 0-18 0-08 
HIRUDINEA 

All species 1-47 0-04 
OLIGOCHAETA 

Lumbricidae - 0-04 0-32 

Tubificidae 27-76 0-15 0-42 
TRICLADIDA . 

Dendrocoelum lacteum 0:02 

Total 100-00 100-01 99-938 100-02 





Station B had a fauna rich in both number of species and number of individuals ; 
the typical community at this station consisted of Chironomid larvae A, Simulium 
equinum larvae, S. reptans var. galeratum larvae, Gyvinus sp. larvae, Hydropsyche 
sp. larvae, Rhyacophila sp. larvae, Brachycentrus sp. larvae, Ephemerelia sp. larvae, 
Baetis sp. larvae, Gammarus pulex and Ancylastrum fluviatile. 


At Station A the fauna was poorer and the community was again different, 
consisting of Chironomid larvae A, Polycentropus sp. larvae, Leptocerus sp. larvae B, 
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Brachycentrus sp. larvae, Gammarus duebem, Ancylastrum fluviatile and Limnaea 
pereger. 

The classification of these communities is of course on broad lines and their 
features have been described from the results of the whole survey. Their make-up 
was greatly modified from time to time by the effects of seasonal variation which 
will be discussed later. It is the purpose of this section to discuss the factors 
which affected the distribution of these communities in the river rather than to 
discuss the range of any individual species. 

It seems probable that, in the absence of human interference, the nature of 
the fauna of a river is ultimately dependent on the geological character of the 
river basin, for such factors as the nature of the river bed, the current, and the 
chemical composition of the river water, which can be shown to influence the nature 
of the fauna, are themselves dependent on the geological structure of the basin, 
Thus the bottom fauna of the Tees is, in essentials, similar to that of the Wharfe™ 
which, like the Tees, flows over millstone grit and mountain limestone, but it is 
somewhat different from that of the mountain streams of Wales where the strata 
are Ordovician and Silurian, and markedly unlike that of the Skerne, which flows 
over boulder clay over Magnesian Limestone, the Itchen™ which flows over chalk, 
or the Lark'® which flows over boulder clay over chalk. The relation between the 
fauna and the nature of the rocks is not, however, direct, for in the Tees above Croft 
there are alterations of widely differing strata without any corresponding change in 
the fauna. Thus, except in details, the fauna at Stations O, H and G was the same, 
though at O the bed of the river is Millstone Grit, at H Mountain Limestone, and at 
G Millstone Grit and Magnesian Limestone. 

In the Tees it appears that the following are the chief factors affecting the 
distribution of the animals within the river itself: 1, chemical composition of the 
water; 2, current; 3, nature of the river bed; 4, occurrence of macrophytic 
vegetation; and 5, pollution. 

These factors are very largely interrelated, for, as has already been pointed out, 
the chemical composition of the water, particularly its mineral content, the current 
and the nature of the river bed are largely dependent on the geological formation. 
The chemical nature of the water is in places greatly altered by pollution ; the nature 
of the river bed, whether it is composed of sand grains or boulders, is largely depen- 
dent on the current"*) and is affected by pollution. The occurrence of macrophytic 
vegetation is related to the chemical composition of the water, the nature of the 
river bed and pollution. In order therefore to assess the effect of pollution on the 
fauna it is necessary to attempt to unravel this complex of factors and to deal 
with them separately. 


Effect of Chemical Composition 


It seems probable that, even in the absence of pollution, the fauna of a river is 
largely influenced by the nature of the water either directly or indirectly through 
its effect on the lower organisms which form the food of the higher organisms. In 
the Tees above Croft, where there were only small variations in the chemical 
constituents of the water, except where sewage entered the river, the fauna showed 
little variation. At Croft, where the admixture of water from the Skerne brought 
about an increase in the calcium content of the water, there was a great alteration 
in the character of the animal communities living on the river bed. At this place, 
however, as has already been stated, there was a great increase in organic matter 
due to pollution and it seems, on evidence to be given later, that the changes in 
fauna are more likely to be due to this factor than to the increase of hardness. 
There is no evidence that variations of mineral content of the river water such as 
occur in the Tees are sufficient to influence the distribution of the animal 
communities. 


Effect of Current 


Where the current was relatively very strong the bed of the river consisted of 
large boulders and solid rock, a substratum which is generally poorly colonised 
owing to the absence of shelter from the destructive action of the current. This 
was best exemplified at. Station S, where the collections on the river bed over 
which flowed the full strength of the current were very poor and the organisms 
obtained were almost entirely confined to eddies behind rocks. Where the current 
was slower, and the river bed consisted of stones, animals became much more 
abundant. The larvae of one genus, Simuliwm, were, however, confined in the 
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upper reaches almost entirely to places where the current was very fast. At 
Stations G, K, P, R and 5S, in the spring, rocks submerged in swiftly flowing water 
were found almost entirely covered with the larvae and pupae of Szmulium spp. 
(chiefly S. monticola and S. variegatum). In the more slowly flowing reaches 
only occasional specimens of these larvae occurred, and these had probably been 
carried out of their normal habitat by floods. The relation of Simulium to the 
current has previously been pointed out by Edwards‘® and Puri ™ and has been 
investigated experimentally by Yi Fang Wu®®. It has been shown that the essen- 
tial factor which determines the distribution of these animals is the actual streaming 
of the water and that the distribution is not related to the supply of food or oxygen. 
Below Croft the larvae of Simuliwm spp. were also restricted to the places with a 
moderately fast current, but the common species were different from those of the 
upper river. This change in dominant species, which does not seem to be related 
to the current, will be discussed later. 


Effect of Nature of the River Bed. 


It has previously been shown” that the nature of the river bed is often 
the determining factor in the distribution of the fauna of rivers. In the Tees 
above Croft the bed consisted mainly of loose stones of all sizes, from pebbles 3-5 cm. 
in diameter to boulders too large to be lifted by hand, the smaller sizes generally 
predominating. At Stations O and S however the bottom consisted of solid rock, a 
feature which was also apparent on the Yorkshire side at Station G. At Station D 
the bed was similar to that of the upper river, except that the stones were covered 
with a layer of sewage fungus as a result of the pollution entering just above this 
point, and this community of plants and bacteria collected among its slimy threads 
a considerable quantity of silt. At Station C the bottom was composed of small 
stones, up to about 3 cm. in diameter, with a few scattered larger stones. In 
the early summer the small stones were consolidated by a large growth of Cladophora 
glomerata, but during the rest of the year they were unstable enough to be moved 
by every flood. At Station B there were large stones, smaller stones, gravel and 
patches of sand protected by beds of water plants from erosion by the current. 
The pebbles were embedded in a sandy matrix and did not seem to be liable to move- 
ment during floods. At Station A the bed along the Yorkshire side consisted of 
solid rock with a few stones covered by a thin layer of silt, and, on the Durham side, 
of small gravel. 


Although the effect of the nature of the river bed was, in the Tees, modified 
by the occurrence of pollution it appeared that the nature of the communities 
present was still affected by the physical characteristics of their environment. 
Thus above Croft, where the bed was essentially the same at all stations except 
at S and at O, the same community was present. At Station S the fauna was 
quantitatively poorer but qualitatively similar; owing to the large areas of bare 
rock, the animals, except Simulium spp. occurred chiefly among the few stones found 
in crevices and eddies. At Station O, where the water moved more slowly, this 
impoverishment was prevented by the presence of large areas of moss and the greater 
number of stones deposited in crevices of rock. At Station D the fauna was markedly 
different from that of the upper river and it seemed that this was largely due to 
the alteration of the river bed by the presence of a covering of sewage fungus and 
silt; as this is a direct result of pollution the discussion of the fauna at Station D 
will be considered under the heading “ Pollution.’’ The peculiar community of 
animals which occurred at Station C seemed to be due largely to the nature of 
the bottom. The easily movable stones were unsuitable for active animals, and 
those present during the greater part of the year consisted largely of burrowing 
forms which lived in the silt collected beneath the stones. On the few large per- 
manent stones there were present such forms as Leptocerus sp. larvae B, Hydropsyche 
sp. larvae, Ecdyonurus sp. larvae, and Ancylastrum fluviatile, which were obviously 
restricted in their distribution by the instability of the greater part of the bed. 
This was confirmed by a collection taken in November 1931 after a long period when 
the water was low and the bed therefore stable; the following organisms, which 
were usually found only on the large stones, were taken, by a scoop sample, on the 
smaller stones: Chironomid larvae A, Polycentropus sp. larvae, Leptocerus sp. 
larvae B, Rhithrogena sp. larvae, Ancylastrum fluviatile, and Herpobdella octoculata. 
The changes which occurred at this station when Cladophora consolidated the small 
stones will be discussed later. 
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The fauna at Station B was richer in both number of common species and num- 
ber of individuals than that at any other station examined. This is correlated with 
the stability of the river bed and the variety of habitats available for the organisms 
at this station. The stones sheltered a fauna somewhat similar to, though more 
abundant than, that of stony reaches in the upper river, with the addition of certain 
species, e.g. Leptocerus sp. larvae B, which were found only in the reaches below 
Croft ; in addition, the sand contained red Chironomidae, Tubificidae, and Sphaerium 
corneum. ‘There was also an abundant fauna living among the weeds. 

The fauna at station A was definitely poorer in numbers both of species and of 
individuals. Here again this poverty was associated with a rocky river bed lacking 
shelter for the organisms and with gravel which was easily moved by the current. 
The fauna was in some respects peculiar, but as this station was just within the part 
of the river affected by tidal movement, conditions generally differed from those of 
the upper river. It appeared however that the thin layer of silt might account 
for the presence of such forms as Limnaea pereger and Asellus aquaticus. 

Effect of Macrophytic Vegetation 

The occurrence of large plants has two important effects on the fauna. In the 
first place they increase the food supply, for, although Percival and Whitehead 
have shown that, unlike mosses, living aquatic phanerogams are eaten by very few 
animals, their decaying parts become available to detritus feeders, and the surface 
of the plants bears a crop of epiphytic algae which form the food of many stream 
animals. Secondly they provide shelter from the destructive action of the current. 
In the Tees, as already mentioned, the large plants were not widely distributed. The 
only stations examined where they occurred in any quantity were O, D and B. 
It seems that the presence of moss at Station O explained the abundance of 
Limnophilid larvae A, Chloroperla grammatica larvae, and Gammarus pulex, and 
the presence of flowering plants at D and B accounted for the prevalence of Simulium 
eguinum larvae and S. veptans var. galeratum larvae at both stations, and of Gam- 
marus pulex at B. At these two Stations there were large numbers of Baetis 
larvae living among the weeds, though whether these belong to species different 
from those found on the stones at the same stations is not known. Percival and 
Whitehead found that in the River Wharfe Gammarus was common only in places 
where large plants occurred. It seems that in rivers like the Wharfe and the 
Tees the distribution of this species is mainly controlled by the distribution of 
macrophytes, and that its rarity at Station D in the Tees was due to the effects of 
pollution. The larvae of Simulium equinum were found on the stems and leaves of 
the flowering plants in the Tees between Croft and Yarm, and they have been found 
in similar situations in other rivers'®. It thus appears that their absence from 
the Tees above Croft was due to the absence of weeds; apparently they do not 
occur on moss. It is probable that the distribution of S. reptans var. galeratum is 
controlled by the same factor, though in the absence of data on its occurrence in 
other rivers‘® this cannot be definitely concluded. The indirect effect on the fauna 
at Station B of the weeds, which trap sand and form banks of fine material beneath 
them, has already been discussed. 

Reference was made in earlier Chapters to the large quantity of Cladophora 
growing on the bed of the river below Croft in the early summer. At stations, like 
D and B, which were already well populated before this alga developed, its presence 
seemed to produce no marked effect on the fauna. At Station C however, where 
before Cladophora appeared the fauna consisted almost exclusively of Chironomidae 
and Tubificidae, the effect was marked. As soon as the alga appeared it was colonised 
by large numbers of Chironomidae, by larvae of Caenis sp., Leuctra sp., and many 
other species in smaller numbers, forming a community very different from that 
normally found at this station (see Fig. 32). When the Cladophora was washed 
away these animals disappeared. Cladophora also collected among its threads a 
large quantity of silt which allowed an increase in the number of Tubificidae; 
this persisted until the silt was washed away by floods. 


Effect of Pollution 

The pollution of the non-tidal reaches of the Tees was due almost entirely to 
sewage. Above Station Q the effluent from a stone-washing plant at Middleton-in- 
Teesdale entered and deposited a heavy sediment on the bed of the river. At 
Stations P and O the fauna was slightly affected by the effluent discharged into 
the River Balder from Cotherstone sewage disposal works, and the effluent from 
the Barnard Castle sewage works was discharged into the river about 150 yards 
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above Station L. At Croft the Tees receives the Skerne, which was badly polluted 
by sewage effluent from Darlington and by effluent from the Black Bank Chemical 
Works. Nearly all the small villages on the river banks discharged sewage or 
effluents from sewage works into the river but these were not in quantities large 
enough to have any marked effect on the fauna. 


__. TOTAL NUMBER OF ORGANISMS COLLECTED 
FROM 400 SO.CM. OF RIVER BED. 







_. PERCENTAGE CHIRONOMID LARVAE B. AND 
TUBIFICIDAE IN TOTAL, 
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Fic. 32—Seasonal Variation in the Composition of the Fauna at Station C (Eryholme) . 


The sediment on the bed of the river at Station Q did not appear to affect the 
invertebrate fauna as the community of animals was similar to that at High Force. 
The effect of this sediment on the fishes will be discussed later. 


The effect of sewage effluent from Cotherstone on the River Balder at Station 
P and on the Tees at Station O was slight. There are no stations with which 
the fauna of these two stations could be satisfactorily compared, but it seems likely 
that the occurrence of Limnaea pereger in some quantity was in some way due to 
sewage pollution, for the only other places where this animal occurred commonly 
were Stations Dand A. At D there was considerable pollution and at A there was 
a layer of silt over the rocks. There was no appreciable quantity of silt at P and O, 
and the presence of Limnaea may therefore be ascribed to the effect of sewage. 


Effects of effluent from Barnard Castle on the fauna at Station L can be seen 
. by comparing the fauna at that station with that of N above the town. The dif- 
ference was qualitatively very slight, but the collections on a quantitative basis 
showed that in general the common animals particularly the Chironomidae, were 
more numerous at L than at N (Table 51). Differences in physical conditions 
between these two stations were not great; the only noticeable difference, that 
the current at L was normally faster than at N, will not explain the faunistic 
difference, which appears therefore to be due to the effect of sewage effluent from 
Barnard Castle. 


In contrast with these small changes, which involved no fundamental alteration 
in the community, the fauna below the entrance of the Skerne underwent a striking 
change (Figure 33). The details have already been given; broadly the Tanytarsus- 
Rhithrogena community disappeared and was replaced at Station D by the Asellus- 
Limnaea-Herpobdella group. This,community was not found at any other station 
and its presence appears to be associated with the pollution, for other changes 
between Stations F and D were comparatively small. The river bed, except for 
the changes brought about by pollution, was very similar at the two stations, and, 
though the current at D was faster than at F, the animals at D were not those 
usually associated with a rapid stream. There were flowering plants at D and none 
at F; this probably accounted for the presence of larvae of Simuliwm equinum 
and S. veptans var. galeratum at D, but the community under discussion was 
found on the stones and not among the weeds. The inflow of the Skerne increases 
the concentration of calcium in the water, but the values obtained at Station D 
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were of the same order as those at B; there was, however, little similarity between 
the animal communities at these two stations. | 











(COHEPTACENIID LARVAE. 
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Fic. 33—Effect of Sewage on Animal Communities in the River Tees 


To determine more exactly the effect of the polluted water from the Skerne on 
the fauna of the Tees, a series of six quantitative samples was taken in September, 
1931, by the stop-net method, from Station F to Cé (Croft sewage works) about 
650 yards below the mouth of the Skerne (Table 53). Just below the entrance of 
the Skerne and before the polluted water had been much diluted in the Tees, the 
fauna consisted mainly of Tubificidae, animals which are known to be tolerant of 
adverse conditions and to be characteristic of water polluted by sewage. At 
Station D, 200 yards farther down, the fauna was quite different and there was 
a great diminution in the number of Tubificidae and an increase in Limnaea pereger, 
Ancylastrum fluviatile?” , Asellus aquaticus, and Herpobdella octoculata. Downstream 
from Station D the numbers of these organisms, with the exception of Herpobdella, 
decreased rapidly until at C5, only 650 yards below the Skerne, the greater part 
of the fauna was made up of organisms normally found above Croft. It appears 
then that the serious effect of the pollution from the Skerne on the animal life of 
the Tees was confined to a comparatively short stretch of the river. | 

Whether the community at Station C owed any of its features to the effect 
of pollution is uncertain, though it may be suggested that the high proportion of 
Tubificidae in the fauna at this station was perhaps due to the deposition of silt 
originating from sewage in this slow-flowing reach of the river. The communities 
found at Station B can be explained by the normal physical and biological features 
of this station, and it does not appear that the fauna was in any way directly affected 
by pollution. The fauna of the Skerne at Station E consisted almost entirely of 
red Chironomid larvae and Tubificidae, an association typical of badly polluted 
streams. 

In the absence of any experimental data on the physiology of the animals, 
the manner in which pollution brings about these changes in the fauna must be 
largely a matter of conjecture. The main direct effects of sewage effluents, such 
as enter the Tees and its tributaries, are to increase the amount of organic matter 
in the water and also the quantity of silt. Increase in organic matter encourages 
the growth of sewage fungus which greatly assists the deposition of silt, and de- 
composition of the organic matter decreases the concentration of dissolved oxygen 
- in the water. In the Skerne these effects were well marked and the nature of 
the fauna at Station E seemed to be due to conditions of low concentration of 
- oxygen, considerable silting and, possibly, high concentration of organic matter, 
which are unfavourable to most animals. As a result only those forms could exist 
which are tolerant of low concentration of oxygen and can feed by passing silt 
through their intestines and extracting organic matter from it. In the Tees above 
Yarm, where the concentration of sewage was much less than in the Skerne, the 
effects of the unfavourable conditions. were -much less marked and were in fact 
observed only near the mouth of the Skerne;. lower down: the nutritive effect of 
the sewage effluent was observed. Growth of microflora increased and flowering 
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plants occurred, and it appeared that the community at Station D owed its existence 
to the deposit of silt on the river bed, the increased food supply and the absence 
of unfavourable conditions of low concentrations of oxygen such as occurred in 
the Skerne. The silt appeared to be suitable for such detritus feeders as Asellus 
aquaticus, and the increased quantity of microflora supported a large number of 
Gastropods. At the same time it seems probable that the silt on the bed of the 
river made conditions unsuitable for the Tanytarsus-Rithrogena community and 
the Limnaea-Asellus community was therefore free from the competition of the 


TABLE 53—Effect of the Skerne on the Fauna of the Tees 
September, 1931 


Distance from  Skerne ' 
mouth, yards 100 above | 100 below | 300 below | 400 below | 500 below | 600 below 
Total number of organisms 
in 2,500 sq. cm. of river 
bed 7 107 214 93 131 90 


Percentage composition 








DIPTERA. 

Chironomid 1.A. 11-22 8-61 8-40 2-22 
TRICHOPTERA. 

Hydropsyche sp. I. 28-57 0-93 1-08 7*63 5°56 

Agapetus sp. 1. 7 1-53 _ 12-22 

Other caddis larvae 4-58 2°22 
EPHEMEROPTERA. 

All species 71-42 1-08 2:29 23-33 
CRUSTACEA. 

Gammarus pulex 1-08 

Asellus aquaticus 0:93 9-68 9-16 3°33 
MOLLUSCA. 

Ancylastrum fluviatile 1-08 3-82. 6-67 

Limnaea pereger 4-67 4-44 
HIRUDINEA. 

Herpobdella octoculata 4:67 59:14 57°25 36-67 

Helobdella stagnalis 2°80 10-75 2:29 1 & | 
OLIGOCHAETA. 

Tubificidae 73-84 3:23 2-29 
OTHER ORGANISMS. 

All species 0-93 2°34 4-30 0:76 2°22 

Total 99-99 99-99 99-99 100-03 100-00 99-99 


up-river species. The restriction of the carnivorous Herpobdella octoculata to 
stations below the Skerne has not been explained. According to Percival and 
Whitehead” this species feeds on Chironomidae and Tubificidae. While Tubificidae 
occurred in the Tees much more commonly below the Skerne than above, Chiro- 
nomidae were abundant above Croft. Unless Herpobdella is restricted to species of 
Chironomidae occurring only below the Skerne, which cannot be proved owing to 
the difficulties of determination of Chironomidae, its distribution cannot be explained 
by the food available. Quantitative differences observed in the fauna at Stations 
L and N seem to be due to the greater supplies of food, consisting of algae, sewage 
fungus and detritus, produced by the effects of sewage pollution. 2 . 

It seems then that the effect of sewage pollution on the fauna of a river is a 
question of balance between unfavourable conditions such as low concentration of 
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oxygen, etc., and the advantage of increased food supply; a large quantity of 
sewage will be harmful, whereas a quantity small enough to increase the food supply 
without bringing about considerable de-oxygenation and silting or the production 
of toxic substances will increase the normal fauna and therefore the food for fish. 


SEASONAL VARIATION 


The investigation of the fauna of the Tees was directed mainly to the deter- 
mination of the factors affecting geographical distribution, with special reference 
to the effect of pollution on the various species that make up the animal com- 
munities. In the course of this work data on the seasonal variation in the abun- 
dance of certain forms were collected. These data were obtained during series of 
quantitative collections over a year or more at Stations C, L, N and R, and some 
information was obtained from the qualitative collections during 1929-30 (Figs. 
32, 34, 35 and 36). Results of qualitative collections are only of value when there 
is a well marked periodicity, for the actual numbers collected are not of great 
significance. If all the stations are considered together, the numbers of a certain 
organism collected are roughly proportional to its abundance, and if the numbers 
show a regular variation then the cause may safely be said to be the variation in 
abundance of the organism concerned. For the Trichoptera, Ephemeroptera and 
Plecoptera the data were supplemented by recording the dates when the adult 
insects were caught. The results are shown in Table 54. 


Diptera 
__ Chironomid larvae A. Although the Chironomidae (except Tanytarsus) were 
differentiated only roughly by their size and colour, the group which was called 
Chironomid larvae A showed a well marked periodicity. From November to Feb- 
ruary very few were present. In March the numbers increased until a maximum 
was reached during April, May, June and July, after which the numbers declined. 
Chironomid larvae B. This section of the Chironomidae showed little variation, 
probably owing to the few stations at which it occurred in significant numbers. 
In both 1929 and 1930 most individuals were collected in July, but the numbers 
were not large and it is doubtful if much significance can be attached to them. 
Tanytarsus sp. The larvae of Tanytarsus were not found during the months 
September to March, and in April only one specimen was obtained. In May 
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Fic. 34—Seasonal Variation in the Numbers of Common Species of Animals at Station L (A bbey Mill, 
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Fic. 35—Seasonal Variation in the Numbers of Common Species of Animals at Station N (above Barnard 
Castle) 
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Fic. 36—Seasonal Variation in the Numbers of Common Species of Animals 
at Station R (below High Force) 


they were abundant, but the numbers declined again in June and then attained 
a maximum in July (1929 and 1931) or August (1930). This double maximum 
was shown both in the data from the stations where qualitative examinations were 
made and at Station L in two years, and seems therefore to be real and not due to 
sampling errors. As the species of Tanytarsus was not determined it is impossible 
to decide whether this phenomenon was due to different species having different 
periodicities or whether there are two broods of one species, a winter brood with 
a long incubation period becoming adult in May and a summer brood with a short 
incubation period becoming adult in July or August. 


Simulium spp. It appears that all the common species of Simulium (S. 


monticola, S. variegatum, S. equinum, S. reptans var. galeratum) found in the 
Tees have similar periodicities. The larvae first appeared in the late autumn 


THE ANIMALS OF THE RIVER 143 


(November) and remained growing gradually until May when they pupated. By 
the end of June practically all appeared to become adult and leave the river. 
There was no satisfactory evidence that there was a second generation of any of 
these species in the Tees, although larvae were occasionally found throughout the 
summer, but collections in the swift reaches inhabited by these organisms were 
not taken with sufficient regularity to enable any definite conclusion to be drawn. 


Coleoptera 


Gyrinus sp. The number of beetles, both larval and adult, found in the Tees, 
was small and only the larvae of Gyrvinus occurred in sufficient quantity to enable 
any periodicity to be detected. They were present in numbers only at Station B 
and occurred from November to May. 


Trichoptera 


Hydropsyche spp. The larvae of Hydropsyche of various species were present 
throughout the year in the lower reaches of the river, generally in fair numbers. 
During the second and third years, when collections in the lower river were con- 
fined to Station C, the numbers obtained were very small. In both 1930 and 1931 
the maximum number was present in May. Pupae were present in April, May, 
June and July. Adults of H. instabilis were taken from the middle of June to 
the beginning of August. It seems unsafe to base any conclusions on the number 
of larvae obtained, as it is clear that these species exist through the winter as 
larvae and it seems that eggs, larvae and pupae can occur together. Neeracher ® 
states that H. instabilis has two broods a year, and it would therefore require more 
data to clear up the extent of seasonal variation of the species of this genus. 


Polycentropus sp. It seems likely that only one species of Polycentropus 
occurs in the Tees. The larvae were most abundant in July, August, September 
and October. They were much less common during the rest of the year though 
they were present in all months. Pupae were found in May, June, July and 
August and adults were taken from the middle of June to the end of August. Ac- 
cording to Neeracher"® this species also has two broods a year but it seems possible 
to trace the life-history of the animal in the Tees. The adults lay eggs during the 
summer and these soon hatch; larvae may become adult during that year, but if they 
have not pupated by the end of August they spend the winter as larvae and pupate 
in the following spring. 

Rhyacophila sp. Here again only one species, R. dorsalis, was recognised and 
the seasonal distribution of the larvae resembled that of Polycentropus, except 
that the maximum numbers occurred in April, May, June and July. Larvae were 
present throughout the rest of the year but were not abundant. Pupae were 
found in April, May, June, July, August, September and October, and adults in 
the middle of June and at the end of October. It thus appears that the life history 
of Rhyacopmila in the river is similar to that of Polycentropus. 


Agapetus sp. Larvae and pupae of Agapetus sp. were found throughout 
the year. The only adults found belonged to A. comatus and had a very limited 
time of appearance, being taken only between the middle of June and the middle of 
July. It is doubtful if the numbers of larvae and pupae present were large enough 
to show any significant variation. The most striking feature is that pupae were 
found in every month of the year except December, and it seems that the young 
forms can live over winter either as larvae or pupae. 


Limnophilid larvae A. The identity of the larvae known as Limnophilid A 
was not determined, but the larvae showed a distinct seasonal variation. They 
were present from November to August and absent during September and October. 
From the size of the larvae in November and January it is clear that they were 
young forms recently hatched, so that it seems likely that the larvae belong to a 
‘caddis which becomes adult and lays eggs some time during the summer. The 
eggs then remain in the river for two or three months before hatching and there is 
probably only one generation a year. 


Leptocerus sp. larvae B. These unidentified Leptocerus larvae had a somewhat 
similar periodicity to Limnophilid larvae A. They were common from November 
to June and absent during the rest of the year. The numbers, like those of Limno- 
philid A, were too small to show any definite variation. The eggs of this species 
seem to remain some time in the river before they hatch. 
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Brachycentrus subnubilus. Larvae of this species were present throughout 
the year but were generally abundant from September to May. The adults were 
taken from the beginning of May to the middle of June and there was no evidence 
of a second generation. Very young larvae were found in May and it seems that 
the eggs hatch very soon after they are laid. 


Ephemeroptera 


Ecdyonurus spp. Variations in the numbers of these organisms were com- 
plicated by the occurrence of two species, EF. venosus and E. longicauda, the larvae 
of which were not separately identified. Larvae of one species or other were present 
throughout the year. Maximum numbers were obtained in May, June and July 
and in November and December. It may be suggested that the occurrence of 
the first maximum is due to the hatching of eggs of one species, and the second to 
the hatching of the eggs of the other. Since the larvae were found through- 
out the year, it is impossible to say whether they spend one or two years in the river. 
Adults of £. venosus were found from the last week in May to the last week in June 
and those of E. longicauda from the second week in July to the end of August. 


Rhithrogena sp. The only species of Rhithrogena that was common and widely 
distributed in the Tees was Rh. semicolorata. As the larvae showed a well-marked 
variation in number, it was possible to trace the life history of this species. The 
adults were very common from the middle of May to the end of June, and 
occasional specimens were found up to the end of August. The eggs laid by these 
adults hatched later in the summer and young larvae were present in November, 
1929, and in September, 1930. Larvae were present all through the winter but 
disappeared at the end of May in 1930 and 1931, and in June in 1929. It appears 
that this species has one generation a year and the eggs lie dormant in the river 
during the summer months. 


Ephemerella sp. The larvae of Ephemerella showed the most striking periodicity 
of any animals found in the river. The only species taken as adults on the Tees 
were EF. ignita and all the larvae collected probably belonged to this species. Larvae 
were abundant in June and July and present in smaller numbers in August; by 
the end of September they had disappeared and during the three years of the 
survey they did not appear again until the following June. Adults were taken 
on the wing from the beginning of July to the end of September. It seems therefore 
that the eggs of this species which may be deposited in July remain in the river 
until the following spring before they hatch. This species has a different periodicity 
in the Wharfe™ where larvae can be found at most times of year and the youngest 
forms are found in February; no explanation can be advanced to account for 
the abnormally long period for which the eggs remain in the Tees. 


Baetis spp. No regular periodicity in the abundance of the larvae of this 
genus in the Tees could be traced. As four species were found as adults at 
various times from the end of March to the middle of November the absence of 
observed periodicity was due to the impossibility of obtaining specific determination 
of the larvae. All that can be said is that larvae were present throughout the year 
and seemed to be most abundant in spring and summer. 


Plecoptera 


Chloroperla grammatica. Larvae of this species first appeared in the later 
months of the year (October in 1930 and December in 1929) and were present 
throughout the winter. They were not found after the end of May. Adults were 
taken on the wing from the second week in May to the beginning of July, and 
stragglers occurred until the end of Juiy. Eggs remained dormant for the rest of 
the summer and hatched in the autumn. There appeared to be only one generation 
a year. 

Nephelopteryx nebulosa. Although comparatively few specimens of this 
species were taken either as larvae or as adults in the Tees, it deserves notice by 
reason of its abnormal time of appearance. Larvae were found in the Tees from 
November to February, with one specimen in April, while adults were taken early in 
March. There was no/evidence of a second generation and it may be suggested 
that the insects spend in the egg stage what would usually be considered the more 
favourable part of the year, the warm months with abundant food from May to 
September. | 
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Leuctra spp. Although three species of Leuctra were found on the Tees and 
their larvae were not distinguished, the number of larvae showed a sharp maximum 
in July of each year. The larvae were present in small numbers throughout the 
winter and their numbers increased in April, May and June to a well marked maxi- 
mum in July which rapidly declined in August and September. Adults of the 
common L. fusciventris were found as early as the middle of May and as late as the 
end of October, and it may be suggested that the maximum number of larvae 
attained in July was due to there being two generations of this species. It seems 
likely that eggs laid by the flies which became adult in May or June hatched and 
produced larvae in July. These became adult in August or September and their 
eggs remained in the river over the winter, either as eggs or as larvae. 


Amphinemura sp. Amphinemura cinerea appeared to have much the same 
periodicity as Chloroperla grammatica. Larvae were first found in quantity in 
the early spring (February) though in the autumn of 1930 they occurred as early as 
October. They remained in the river until May and none were found in the summer 
months. Adults were taken from the second week in April to the beginning of 
July. It thus appears that the eggs of this species have a comparatively long 
incubation period. 


Other organisms 


Seasonal variations in abundance of other organisms which spend all their 
lives in the water, e.g. Gammarus pulex, Ancylastrum fluviatile, Limnaea pereger, 
Herpobdella and Tubificids were not sufficiently investigated to allow any definite 
conclusion to be drawn. In general these organisms occurred only in small numbers 
except at one or two stations, and as quantitative collections were not made, little 
significance can be attached to the numbers found. 

From the numbers of Ancylastrum fluviatile obtained at stations other than 
Station D (where it was always abundant) it appears that this species was most 
numerous in the autumn; the maximum occurred in September in 1929 and in 
October in 1930 and 1931. As no data were collected on the egg-laying habits or 
the size of the individuals it is impossible to discuss the cause of the occurrence 
of this maximum. 


Discussion of Results 


The maximum number of larvae of all insects will be present immediately 
alter the eggs have hatched. As these young larvae grow older some will die 
from lack of food or by being washed away by floods or by the depredation of 
enemies. This process will be continuous until the larvae have attained their full 
growth and leave the river. It follows therefore that in the case of those species 
which have one generation a year the collections should show a large number of 
young larvae, which should gradually diminish as the larvae grow older, until, at 
the time of emergence of the adult insects, they should show a rapid decline to 
complete disappearance. The variations of some organisms, e.g. Ephemerella 
ignita and Riuthrogena sp. in 1930, approximated to this cycle. Other species, 
notably Chloroperla sp. and Amphinemura sp., apparently showed a gradual 
increase from the time they hatched, attaining their maximum just before they 
emerged. There are several factors which may bring about this result. The first 
is the method of collecting. All collections, except those at Station C, involved the 
use of a stramin net, the meshes of which were about 0-5 mm. diameter; 
collections at Station C were sorted on sieves of the same size. It follows therefore 
_. that larvae smaller than 0-5 mm. could escape, so that, if they were present in the 
collection, their numbers bore no relation to their actual abundance. Secondly 
all collections were sorted without the help of a lens. Quantitative samples were 
sorted in the laboratory, and it is unlikely that many organisms with their 
smallest diameter greater than 0-5 mm. were missed, but non-quantitative col- 
lections were sorted on the bank of the river and smaller larvae could more easily 
‘be overlooked. Thirdly, the younger larvae may have a different habitat from the 
adult larvae. This is known to be the case for Rhyacophila in the Wharfe where 
the young larvae are found in moss and when they become adult pass downstream 
and pupate on stones. Lastly, there is little or no information on the hatching 
of the eggs of waterinsects. It is possible that in some species the time during which 
eggs are hatching is. very long. . | ; 

On account of the many unknown factors which influence the variation, the . 
data must be interpreted with caution, but in view of the absence of information 
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on the life-histories of the organisms concerned, the facts observed are worth re- 
cording. The work of Neeracher® gives no information on the larval life of 
the insects he studied, though his findings that Limnophilids, Leptocerids, Sericosto- 
matids, Ephemerella, Rhithrogena and the Plecoptera have only one generation a 
year is confirmed for those species which occur in the Tees, with the exception of 
Leuctra. The data given by Percival and Whitehead” give very little information 
on the numerical variations from season to season, though with a few eye 
e.g. Ephemerella, the data they record confirm the findings on the Tees. 

It is useless to discuss the causes of the periodicity of these organisms. In 
the present state of knowledge it can only be said that they appear to have little 
relation to external factors, though it may be suggested that the decline in numbers 
of such forms as Polycentropus larvae during the winter may be due to the 
impoverishment of the food supply. Chironomidae of the family Orthocladiariae 
appear at the time of the spring diatom maximum, but in the absence of data on 
the specific nature of the food of river animals in general, and of the effects of 
temperature, light, floods, etc. on the organisms themselves, definite conclusions 
cannot be drawn from the available data. 

It will be noted that many insects emerge in the spring and early summer. 
Consequently it is in the spring that the most varied collections were obtained, 
while in late summer and early winter many larvae characteristic of the river at 
other times were absent and the fauna was somewhat impoverished (see Chapter 
XVI). 


THE EFFECT OF FLOODS 


In order to determine the extent to which floods washed away animals normally 
found on the river bed, series of tow-nettings were taken at times of floods during 
the autumn of 1931. The results, which are given in Table 55, show that the 
organisms washed away were mainly small forms such as dipterous larvae, Baetis 
larvae, and worms. The larger forms were better able to withstand the increased 
current. It will also be noted that these bottom-living forms were found in the 
water only when the collection was made soon after the flood had begun. If the 
flood had been in progress for some hours no organisms were found in the surface 


TABLE 55—Catches in Medium Tow-Net Fished at Surface for Ten Minutes during 


Floods 
| Time after Eee 
Position Date beginning 
eeees Organism Number 
Neasham Hall Bridge 28.7.31 | Immediately | Chironomid 1.A 2 
Simulium reptans var. galeratum 1. 3 
A equinum 1. 1 
Hydropsyche sp. 1. 1 
Ecdyonurus sp. 1. 1 
Baetis sp. 1. 11 
Leuctra sp. 1. 1 
Hurworth Bridge 7.10.31 30 min. Chironomid 1.A a. 
Simulium reptans var. galeratum 1. 1 
Naididae 143 
Croft Bridge 28.10.31 15 min. Baetis sp. 1. 1 
Tubificidae 2 
Piercebridge Bridge 7.10.31 4 hrs. Nil | 


Piercebridge Bridge 28.10.31 4 hrs. Nil 


waters. This seems to indicate that those organisms which are in a safe position 
and can resist the current when it first increases do not afterwards expose themselves 
to the risk of being washed away. How this is accomplished is not known. 

In addition to this washing-away effect it is obvious that animals living on 
unstable parts of the river bed will be liable to be destroyed by being crushed by the 
movement of stones during the flood. How great this effect may be is unknown, 
but it may be suggested that the fluctuations in numbers of animals obtained from 
month to month at Station R is connected with the washing-away and crushing 
effects of the floods at this station. 
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Apart from these direct effects floods must have a very important influence 
on the animals of the river by the washing away of algae which form the greater 
part of their food supply. It can be concluded that if the Tees were not subject to 
these heavy floods it would support a larger population of animals, though it is 
impossible to measure the loss due directly and indirectly to floods. 
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CHAPTER XVI 


THE FAUNA LIST 


It has been pointed out that no attempt was made to obtain a complete 
list of all the animals occurring in the Tees and that some groups were omitted 
altogether. A classified list of animals obtained during the course of the survey 
is given in Table 56, but even in the groups to which most attention was paid it is 
not claimed that all the species in the river were collected and identified. In 
the first place it is unlikely that the small number of stations where collections 
were made gave a complete picture of the whole seventy miles of the non-tidal River 
Tees, though it may be assumed that all the commonest species were noted. 
Secondly, the collection of adult insects which could be identified was not so intensive 
as that of the larval forms. The difficulty of identifying larvae has already been 
mentioned, and it is probable that, if their species could be determined, it would 
be found that more were taken as larvae than as adults. Collection of winged 
insects was regarded as of secondary importance because it is obvious that air- 
borne animals may have no relation to the place where they are found, while larvae 
and pupae living in the river are clearly dependent on various factors such as current, 
nature of the river bed and pollution. 

The distribution and seasonal variation of the commonest species have already 
been discussed and it is the purpose of this chapter to annotate the fauna list where 
this appears necessary. The fishes are discussed in Chapter XVII. 


VERTEBRATES 


MAMMALIA 


The only species of mammals observed above Yarm were otters (Lutra vulgaris) 
and water voles (Arvicola amphibius). There were sufficient otters to provide 
sport for a pack of otterhounds which hunted regularly during the summer months; 
the highest point at which otters were seen was Holwick (Station Qa). Water 
voles were much less common above Barnard Castle than below. This was 
probably due to the nearness of the underlying rock to the surface of the ground 
which makes burrowing difficult. 


AVES 


The commonest aquatic birds noted were water hens (Gallinula chloropus), 
herons (Ardea cinerea), dippers (Cinclus cinclus), wagtails (Motacilla alba), and 
kingfishers (Alcedo atthis). There was a small heronry at Gainford. Large 
numbers of various kinds of water fowl visited the settling ponds of Darlington 
sewage works and the reservoirs in Baldersdale and Lunedale, but except for gulls 
(Laridae) they appeared to pay little attention to the river. Insectivorous land 
birds were common in the district and ate large numbers of Diptera, Ephemerids, 
and other insects whose larvae are aquatic. 


AMPHIBIA 


In June 1929 large numbers of tadpoles of the common frog (Rana temporaria) 
were observed in the river at Egglestone Bridge, midway between Stations O and Q. 
That season was abnormal in that there was a long period of drought during the 
spring and summer. It does not appear that Amphibia can in a normal season 
breed successfully in the main river, owing to the violent and frequent floods, but 
this record does indicate that frogs at any rate will attempt to spawn in the river. 


ARTHROPODA 


ARACHNIDA 
HYDRACARINAE 
_ Very few water mites were found in the Tees; they appear to be of little 
importance in the ecology of the river. 
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INSECTA 
DIPTERA 


Chironomidae. Enormous numbers of Chironomid larvae occurred at times 
practically everywhere in the river. It was possible to recognise the larvae of 
Tanytarsus sp., as these live in characteristic tubes, quadrangular in cross section 
with well marked processes at the four corners of the mouth. The tubes taper to 
the hinder end which is bent at right angles to the rest of the tube and is firmly 
attached to the stones on the river bed. The species could not be determined. 
The other Chironomid larvae could not be determined, but it was felt that ob- 
viously different forms should be separated even though no indication could be given 
of the meaning of these differences. The larvae were separated by size and colour 
into four main groups, known as A, B, C, and E. Chironomid larvae A were small 
green forms, up to 5 mm. long and 0:5 mm. broad. Many of them belonged to 
the family Orthocladiariae but it is probable that other families also occurred. 
These larvae were found at all stations in the main river and in the Greta and 
Balder. Chironomid larvae B were larger forms (10 mm. long and 1 mm. broad) 
with well marked segments and bright red in colour. Though they occurred fairly 
commonly in the main river, especially at Station C, they were most abundant in 
the Skerne at Station E where there is a large amount of organic pollution. Chiro- 
nomid larvae C were small and thin, like Chironomid larvae A, but they were red. 
They occurred in large numbers in the summer of 1931 among Cladophora at Station 
C but at no otherstation. Chironomid larvae E were large larvae (10mm. long and 
1 mm. broad) and were distinguished from the other groups by being olive green 
in colour. They occurred in one collection at Station R. Groups C and E did 
not appear to make up an important part of the fauna but the other groups were 
numerous and important. If the Chironomidae could be determined specifically 
it might be possible to correlate them more closely with river conditions. 


Simulium spp. The determination of the larvae and pupae of Simulium 
presented few difficulties. The distribution of the various species has already been 
discussed and the only point to be mentioned here is the occurrence of the larvae of 
S. reptans var. galeratum. Identification of this variety has been confirmed by Dr. 
F, W. Edwards of the British Museum and is worth recording since the only place 
in the British Isles where it has previously been found is near Tipton St. John in 
Devonshire. In the Tees it occurred only below Croft, but there it was present in 
enormous numbers. Although the larvae are quite distinct from those of S. reptans 
s.s. no difference could be found in the pupae and it appears therefore that, as 
Edwards” found, the variation only affects the larvae. 


Other Diptera. The larvae of the larger Diptera were widely distributed in 
the Tees but they nowhere occurred in any quantity. They all appeared to belongto 
the Tipulidae, except one, taken at Station C, which was referred to the Ephydridae. 


COLEOPTERA 
Beetles were not very common in the Tees and the list calls for no comment. 


TRICHOPTERA 


_ Larvae and pupae of Trichoptera were very common in the river and 
imagines were abundant flying above the surface of the water. These were col- 
lected to give some guide to the species present as larvae. It has previously been 
explained that in many cases the larvae cannot be referred to their species and some- 
times not even to their genera. In the list of species the specific name has been 
attached to the larval form only when either the genus is monospecific (e.g. Lepz- 
dostoma and Odontocerum) or only one species is known to occur in this country 
(e.g. Brachycentrus). In some genera (Rhyacophila, Glossosoma, Agapetus and 
Polycentropus) one species only was taken as the imago or in some cases as the 
male pupa (which can be determined owing to the development of the genitalia). 
‘In these cases it is probable that the larvae collected all belonged to the species 
identified, but, as explained before, the collections of imagines were not exhaustive 
and there is no certainty that other species did not occur in smaller numbers, and 
that some of the larvae, which were collected much more intensively than the 
adults, did not belong to these other species. To avoid giving false records and a 
false impression of the accuracy of identification the larvae were referred to the 
genus only, though it may reasonably be suggested that the majority, if not all 
of them, belonged to the species identified from the imagines. 
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In other genera, particularly Hydropsyche, although several species were found 
flying above the surface of the water, no characters were observed in the larvae or 
pupae which served to separate them into distinctive groups, and it is therefore 
impossible to suggest to how many or to what species they belonged. 

The genus Leptocerus was represented by five species in the collections of 
imagines, and the larvae and pupae found in the river could be divided into two 
well marked groups on characters described below. It was obvious that at least two 
species of this genus spent their larval life in the river, but it was not possible to 
subdivide these groups, so whether more than two species occurred could not be 
decided. It was also impossible to decide to which species these juvenile forms 
belonged, for the larvae of some species of the genus have not been described ; 
it is therefore quite possible that a larva which apparently fitted the description of, 
say, L. cinereus might belong to an undescribed species such as L. albifrons. 

In the family Limnophilidae and the sub-family Goerinae it was impossible 
to refer the larvae and pupae even to their genera. This arose from two causes. 
In the Limnophilidae the larvae of many genera have not been described and the 
difficulty of naming them is therefore similar to that experienced with the genus 
Leptocerus, i.e. there is no certainty that the larva of an undescribed genus does not 
resemble that of a genus which has been described. The larvae of the various genera 
of Goerinae have been described, but many of the larvae collected in the Tees 
showed some characters resembling those of the genus Goeva and others of the 
genus Silo, and some specimens, in the form of the case and the posterior limit of 
the lateral line, appeared to be intermediate between the two genera. The imagines 
of this group collected all belonged to Goerva pilosa, and it may be suggested that 
the larvae were of the same species, but, in view of the unsatisfactory nature of 
larval characters and in the absence of breeding experiments, the possibility that 
some species of Sz/o also occurred cannot be ignored. 


_ The list of Trichoptera includes no rare or undescribed species, and the fol- 
lowing notes refer only to those features which are not self-explanatory and which 
have not already been discussed. 


Hydroptila sp. larvae. In the Tees the larvae of this genus occurred ae at 
Eryholme, though in the summer of 1929 they were abundant in the Balder, and they 
were also abundant in the middle reaches of the Skerne. No adults were collected 
and it is therefore impossible to suggest to what species the larvae belonged. 


Psychomya pusilla. Although imagines of this caddis were taken commonly 
on the wing in the Tees area in June, July and August, no larvae were collected. 
While it is possible that isolated specimens occurred in the river and were overlooked 
it is certain that they were not present in anything like the porportion in which 
the imagines occurred in the net collections; it may well be that this species 
breeds not in the main river but in ponds and ditches, for Ulmer states that 
the larvae are seldom found in rivers and Rousseau‘®) gives the larval habitat 
as “‘ lakes, streams and rivers, for preference in quiet waters.’”’ The occurrence of 
large numbers of adults of this species in the insect collections is an illustration 
of the danger, mentioned above, of deducing the species of insect larvae present in 
the river from the adults found in the area. 


Leptocerus spp. It is not known how many of the five species of Leptocerus 
recorded from the Tees area actually spend their larval life in the river. The larvae 
obtained fell into well defined groups which were labelled Leptocerus sp.l. A and 
Leptocerus sp.l. B respectively. The cases in which the larvae lived show marked 
differences. The cases in group A were long (up to 11 mm.), conical, of circular 
cross section and slightly curved. The cases in group B were short (up to 
7 mm.) with a wide mouth, flattened dorso-ventrally and strongly curved. The 
larvae of group A corresponded fairly well with Rousseau’s description of L. 
cinereus and a few pupae obtained living in this kind of case and with their genitalia 
sufficiently well developed to allow determination were found to belong to this 
species. The larvae of group B similarly corresponded to Rousseau’s description of 
L. annulicornis, though no pupae were found sufficiently developed to allow of their 
determination. It may be that all the larvae obtained in the river belonged to 
these two species, but as the larvae of L. albifrons and L. commutatus, which are 
very common in the Tees area, are undescribed, it is possible that larvae of these 
species were includéd in one or other of the two groups. 


Mystacides spp. Species of this genus were somewhat rare both as larvae in 
the river and as imagines. All the larvae obtained appeared on morphological 
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characters to be M. azurea but they were few and rather poorly preserved and it is 
not therefore possible to be certain that larvae of M. nigra were not also obtained. 
Limnophilidae. The difficulties attending the identification of the larvae 
of this group have already been stated, and although five genera were recorded as 
adults, it was impossible to identify the larvae and pupae collected. The larvae fell 
into three groups A, B and C, of which group A was much the commonest. 
These larvae when full grown were about 25 mm. long and 3 mm. broad. 
The chitinous plates of the head and thorax appeared to be uniformly black, no 
pattern being detected. The abdomen was creamy white and bore simple isolated 
gills on segments 2 to 6; the case was composed of small stones. They belonged 
clearly to the rheophilous group of Limnophilidae, but they cannot be further 
identified. Limnophilid larva B was about the same size (25 mm. long and 3 mm. 
broad) but the chitinous plates of the head and thorax were rather lighter in colour, 
the abdomen was grey and simple isolated gills were present dorsally on segments 
2 to 5 and ventrally on segments 2to6. The case was composed partly of stones and 
partly of vegetable debris. Limnophilid larva C was rare; only two specimens 
were found, and of these one was pupating so that it is not possible to give a satis- 
factory description of the larva. The case was however characteristic ; it was com- 
posed of the stems of water plants arranged roughly longitudinally. The case 
resembled that figured by Rousseau'*®) for Chaetopieryx, and the larva resembled 
that described for this genus in having solitary gills, but in the absence of satis- 
factory material it is possible only to point out the resemblance to this genus. 


Sericostomatidae. The difficulty of naming Goerinid larvae has already been 
discussed. The other genera taken on the Tees, Brachycentrus and Lepidostoma, 
presented no difficulties of identification. It was noted that the young larvae of 
Brachycentrus subnubilus at Station F in June 1930 made the first portion (about 
5 mm.) of their case of sand grains and then, as they grew, built on to this the 
typical quadrangular case of vegetable matter. As the larvae grew older the 
portion made of sand was lost. The use of sand grains by the young larvae of 
Brachycentrus. subnubilus has not apparently been observed before, though 
Rousseau'*®) described the formation of a sandy tube by the young larva of Lep1- 
dostoma Iivtum, and the replacement of this by a case of vegetable matter as the 
larva grew older. : 


MEGALOPTERA 


Both British species of Sialis were taken in the Tees area but no larvae were 
found in the river although one was recorded from the stomach of a trout caught 
near Eryholme. 7 


% 


HEMIPTERA 


This order was very poorly represented in the collections. -Aphelocheirus 
aestivalis was found only at Yarm, and Gerris, the only other genus recorded, was 
represented by a single specimen found on the surface of a rock pool at Station S. 
It is obvious that the strong current and frequent floods render the river unsuitable 
for surface-living and free-swimming forms which are common in other streams in 
this country. 


EPHEMEROPTERA 


Identification of the larvae of Ephemerids was attended by the same difficulties 
as those recorded for Trichoptera. In the Ephemeroptera however, the genus of 
the larvae could in all cases be determined though specific names could only be 
attached to genera of which only one species is known to occur in this country. 


Ephemera. This genus was not common on the Tees. A few specimens of 
E.. danica were collected in the lower reaches of the river, and one larva was takén 
at Station C. The habits of this species have been described by Percival and White- 
head™ and its rarity on the Tees may be explained by the scarcity of areas of sand 
in which the larvae can develop. The fly is known popularly as the “ Mayfly” 
or “‘ Green Drake,” but there is some confusion of terms, for in the upper reaches of 
the river, where Ephemera was not found and probably does not occur, the name 
“Mayfly ’’ is applied to the large stoneflies, Pevla and Perlodes. 


Ecdyonurus. Both E. venosus and E. longicauda were very abundant on the 
Tees. The former is known in the subimago stage as the ‘“‘ March Brown’’, though 
Mosely‘® has shown that this is incorrect; the imago is known as the ‘‘ Great Red 
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Spinner”’’. The second species is known as the ‘‘ August Dun’’. Larvae of E. venosus 
were successfully reared to the imaginal stage in the laboratory but no structural 
difference between them and the larvae of E. longicauda was detected. LE. lateralis 
occurred in one collection taken above High Force in June 1931. It was not found 
farther downstream and as Percival and Whitehead state that the larvae prefer 
quieter water than those of E. venosus, it may be that the breeding place of this 
species is to be found in the Weel. 


Rhithrogena. Swarms of Rh. semicolorata were exceedingly common round 
about Barnard Castle in May and June. The subimago is known locally as the 
“ Yellow Dun ”’ and is frequently confused with Heptagenia sulphurea, the “ Yellow 
May Dun.” ‘The imago is known as the “ Red Spinner” and not, as is more usual 
elsewhere, the ‘“ Yellow Upright.” Rh. haarupfi is apparently the true ‘‘ March 
Brown’’‘®. It occurred only in one collection, taken near High Force on 16th May, 
1931, a date which, according to Mosely'®, is abnormally late for the species in this 
country. 


Hebtagenia. H. sulphurea is apparently not common in the Tees area; only 
a few adults and no larvae were recorded. 


Ephemerella. The only species taken was EF. 1gnita which occurred in enormous 
numbers. It was not considered satisfactory to refer all the larvae collected to 
this species as E. notata Eaton may also occur, but it is clear that the nymphs of 
E. ignita must greatly predominate. 


Baetis. This genus was common both as larvae and adults. No features 
were observed by which the larvae could be divided into groups corresponding to 
the four species identified from the imagines. There appears to be some confusion 
between B. bioculatus and B. scambus Eaton but the flies collected on the Tees 
appeared to be properly identified as B. broculatus Linn., although Eaton stated 
that B. bioculatus had lemon yellow eyes while the preserved insects from the Tees 
had deep orange eyes; Mr. W. D. Hincks (private communication) stated that those 
collected on the Tees were exactly similar to specimens with deep orange eyes in 
his collection which, when examined fresh, were found to have lemon yellow eyes 
and in every way to agree with the published description of the species; apparently 
the eye colour alters after death. 


Siphlonurus. Larvae of this genus were found commonly in the river at and 
above station U early in July 1930. They were not found at any of the usual samp- 
ling stations and appeared to be restricted to the head of the valley. The species 
was not determined. 


The other genera found call for little comment. With the exception of Caenis 
they were rare; only one specimen of Centroptilum luteolum was taken and Para- 
leptophlebia sp. and Habrophlebia fusca were recorded only as larvae. 


PLECOPTERA 


These insects, like the Trichoptera and Ephemeroptera, are little known 
in the earlier stages of development; the same procedure in attaching specific 
names to larval forms was therefore observed. 


Perla. The larvae of Perla collected could be divided into two groups, ap- 
parently corresponding to the two species found as adults. In one group there 
was a well marked yellow pattern on the prothorax while in the other the prothorax 
was only faintly marked. From the figures given by Schoenemund'® it appears 
that the former are the larvae of P. carlukiana and the latter of P. (Dicronas) 
cephalotes. Larvae of the second type reared in the laboratory proved to be of the 
species cephalotes. 


Leuctra. Larvae of this genus were very common in the Tees and the majority 
probably belonged to L. fusciventris and L. tmernus but could not be distinguished. 
A few larvae were however found to be markedly different from others. They 
were larger (10 to 15 mm.), stouter and lighter in colour than the commoner forms 
and the basal segments of the antennae had well marked stout processes on the 
inner edge giving the antenna a saw-like appearance. It is likely that these were 
larvae of L. geniculata, for they were found chiefly in the lower reaches of the river 
where the imagines wete collected. They were the largest Leuciva larvae found, 
and L. geniculata was the largest adult form. Like the adults the larvae were much 
lighter in colour than the other species in the river, and the stout antennae of the 
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nymph resembled those of the adult. While these resemblances may indicate 
that this is the larva of L. geniculata, proof can only be obtained from breeding 
experiments in the laboratory; these were unsuccessful. 


Amphinemura. As the only adult taken was A. cinerea it is probable that all 
the larvae belonged to this species. The form is noteworthy because in the acid 
water at the head of the Tees valley the larvae of Amphinemura sp. dominated the 
fauna, at any rate in the early summer. In contrast with the slightly alkaline 
water immediately below this stretch, there were very few animals besides Amphine- 
mura sp., which seems to live under conditions unfavourable to most of the other 
species. 

CRUSTACEA 

The larger Crustacea were very local in their distribution in the Tees. The 
species collected were all common forms and the only point of note was the absence 
of Asellus meridianus Rak. All the species of this genus collected in the Tees and 
in the Skerne were A. aquaticus; if A. meridianus occurred it must have been very 
rare. 

MOLLUSCA 


The only gastropods common in the Tees were Ancylastrum fluviatile and 
Limnaea pereger. All the other species obtained were found only once and then 
as single specimens. 


Hydrobia (Paludestrina) jenkinst had a peculiar distribution in the area sur- 
veyed. It was exceedingly abundant in the middle reaches of the Skerne and was 
common in parts of the Tees estuary where the water was fresh at low tide but 
might be brackish at high water. The only record of this species in the non-tidal 
reaches of the Tees is based on a single shell found at Low Middleton and it is 
obvious that it has not succeeded in colonising the fresh waters of the Tees. An 
estuarine distribution of this species has been found in Randersfjord’ but its origin 
and method of dispersal appear to be unknown”, 


ANNELIDA 


Leeches, except at Station D, were not common in the Tees and the only im- 
portant feature was that the common fish leech Piscicola geometra (Linn.) was 
not recorded in the Tees area. Lumbricidae were not abundant but Tubificidae 
were very common in the Skerne at Station E and in the Tees at Station C. They 
fell into two well marked groups, one in which hair setae were present in the dorsal 
bundles, resembling the genus Tubifex, and the other with no hair setae, resembling 
Limnodrilus. The Naididae were found only amongst Cladophora and appeared to 
belong to the genus Nas. 


PLATYHELMINTHES 


Flat worms were not found commonly in the Tees, the only species identified 
being Dendrocoelum lacteum and Planaria polychroa. The only other planarian 
found became macerated before it could be examined, It had previously been 
observed on the Itchen that these animals were local in their distribution and their 
absence from the collections may merely mean that the places chosen for the 
investigation of the fauna did not include a locality suitable for them. 


TABLE 56—List of Animals Observed in the Non-Tidal Reaches of the River Tees 
May 1929-June 1932 


VERTEBRATA 


~ MAMMALIA 


Lutra vulgaris Erxleben. Otter. 
Arvicola amphibius (Linn.). Water Vole. 


AVES 


Ardea cinerea Linn. Heron. 

Alcedo atts Linn. Kingfisher. 

Cinclus cinclus (Linn.). Dipper. 

Motacilla alba yarrellu Gould. Pied Wagtail. 
Gallinula chloropus (Linn.). Waterhen. — 
Laridae. Gulls. 
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TABLE 56—continued 


AMPHIBIA 
Rana temporaria Linn. Common frog. 


PISCES 


Salmo salar Linn. Salmon. 

, trutta Linn. Sea and Brown trout. 
Thymallus thymallus (Linn.). Grayling. 
Esox lucius Linn. Pike. 

Anguilla anguilla (Linn.). Eel. 
Leuciscus leuciscus (Linn.) Dace. 
» cephalus (Linn.). Chub. 
Ruiilus rutilus (Linn.). Roach. 
Gobto gobio (Linn.). Gudgeon. 
Phoxinus phoxinus (Linn.). Minnow. 
Perca fluviatilis Linn. Perch. 
Nemacheilus barbatula (Linn.). Stone Loach. 
Cotitus gobio Linn. Bullhead. 
Pleuronectes flesus Linn. Flounder. 


ARTHROPODA 


ARACHNIDA 
HYDRACARINAE, not determined. Water mites. 


INSECTA 
DIPTERA. 


Tanytarsus sp. larvae : 
Chironomid Lear indet. ERIS 
Simulium monticola Fried. (larvae and pupae) 
» . variegatum Meig. (larvae and pupae) 
»; tuberosum Lundstr. (larvae and nuhad) locally known 
. veptans s.s. (Linn.) (larvae and pupae) {( as Black Gnats. 
Pp reptans var. galeratum Edw. (larvae) 
equinum (Linn.) Edw. (larvae and pupae) 
Ephydrid larvae. 
Tipulid larvae. Crane flies. 


COLEOPTERA. Beetles. 


Deronectes elegans (Panz.) (larvae and imagines) 
f 12-pustulatus (Fabr.) (larvae and imagines). 
iy borealis (Gyll.) (larvae and imagines). 
Hydroporus rivals Gyll. (larvae and imagines). 
Platambus maculatus (Linn.) (larvae). 
Latelmms volkmarni (Panz.) (larvae and imagines). 
Limmius sp. larvae. 
Gyrinus sp. larvae. 


TRICHOPTERA. Caddis flies. 


Rhyacophila dorsalis (Curt.) (pupae and imagines). 
Rhyacophila sp. larvae. 
Agapetus comatus (Pict.) (pupae and imagines). 
Agapetus sp. larvae. 
Glossosoma vernale (Pict.) (larvae, pupae and imagines). 
Hydroptila sp. larvae. © 
Polycentropus flavomaculatus (Pict.) (pupae and imagines). 
Polycentropus sp. larvae. 
Hydropsyche instabtlis (Curt.). 

A ornatula McLach. 

iz oe Pict. 

. (larvae and pupae). 

Psychomya sheella (Fab.) 
Odontocerum albicorne (Scop.) (larvae and imagines). Grey Sedge. 
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TABLE 56—continued 


TRICHOPTERA. Caddis flies—continued. 


Leptocerus nigronervosus (Retz.). 
= annulicornis Steph. 
is cinereus Curt. 
bi albifrons (Linn.) 


\ Brown Silverhorns. 


ee commutatus (Rostock) McLach. 


spp. larvae. 
M ystacides azurea ate 
4! nigra (Linn.) 

sp. larvae. 


Limnophilus vittatus (Fab.). 
Miucropterna sequax McLach. 


hg Black Silverhorns. 


Halesus digitatus (Schrank.). The Caperer. 


Drusus annulatus Steph. 
Ecchisopteryx guttulata (Pict.). 


Limnophilid larvae and pupae indet. 


Goera pilosa (Fab.). 
Goerinid larvae and pupae indet. 


Brachycentrus subnubilus Curt. (larvae, 


Grannom. 


Lepidostoma hirtum (Fab.) (larvae and imagines). 


MEGALOPTERA. 


Sialis flavilatera (Linn.). Alder fly. 
», fuliginosa Pict. 


HEMIPTERA. Bugs. 
A phelocheirus aestivalis (Fab.) 
Gerris sp. 


EPHEMEROPTERA. 


Ephemera danica Mill. May Fly. 
2 sp. larvae. 


pupae and imagines). 


Ecdyonurus venosus (Fab.) so-called March Brown (see p. 151). 


: longicauda (Steph.) (= fluminum (Pict.)). 


March Brown. 


a lateralis (Curt.) 
a sp. larvae. 
Rhithrogena semicolorata (Curt.). Yellow Upright. 
7 Se Esben-Peters. 
. larvae. 


cad eptagenia Spee (Miull.). Yellow May Dun. 
Ephemerella ignita (Poda.).. Blue Winged Olive. 


e sp. larvae. 


Caemis macrura Steph. (= halterata (Fab.) and Eat.) 


Caents sp. larvae. 
Baetis vernus Curt. Olive Dun. 


,  Otoculatus (Linn.). Pale Watery Dun. 
»  pumilus (Burm.). Iron Blue Dun. 


»  Yhodani (Pict.). Olive Dun. 
ia Spadarvae. 


Centroptilum luteolum (Mill.). Pale Watery Dun. 


Habrophlebia fusca (Curt.) (larvae). 
Paraleptophlebia sp. larvae. 
Siphlonurus sp. larvae. 


PLECOPTERA. 


Perla carlukiana Klplk. 
,, (Dicronas) cephalotes Curt. 
», Spp. larvae. Creeper. 
Perlodes mortoni (Klplk.). Stonefly. 
sp. larvae. Creeper. 


Chloroperla grammatica (Scop.) (larvae and imagines). 


4 Stonefly. 


August Dun. 


Yellow Sally. 
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TABLE 56—continued 
PLECOPTERA—continued. 


Isopteryx tripunctata (Scop.). 
»  torrentium Pict. 
yy sp. larvae. 
Nephelopteryx nebulosa (Linn.) (larvae and imagines). February Red. 
Taeniopteryx vist Mort. (larvae and imagines). 
Capma sp. larvae. 1 
Leuctra geniculata Steph. ; 
»,  fusciventris Steph. pallow Ray. 
»  tmerms Kmpny. Needle Fly. 
»  Spp. larvae. 
Amphinemura cinerea (Oliv.). Needle Fly. 


a sp. larvae. 
Protonemura meyeri (Pict.). Early Brown. 
, sp. larvae. 


Nemura sp. larvae. : 
CRUSTACEA. 
PERACARIDA. 


Gammarus duebeni Lilljeborg. 
5 bulex (Linn.). Freshwater Shrimp. 
Asellus aquaticus (Linn.) Olivier. Water Log Louse. 


MOLLUSCA 
GASTROPODA. Snails. 


Ancylastrum fluviatile (Miull.). Freshwater Limpet. 
Limnaea pereger (Mill.). 
- stagnalis (Linn.) 
Physa fontinalis (Linn.) 
Planorbis planorbis (Linn.) 
Hydrobia (Paludestrina) jenkinst Smith. 


LAMELLIBRANCHIATA. 
Sphaerium corneum (Linn.). Pea Shell. 


ANNELIDA 
HIRUDINEA. Leeches. 


Herpobdella octoculata (Linn.) ; 
Helobdella stagnalis (Linn.) 
Glossosiphonia complanata (Linn.) 


OLIGOCHAETA. 


Lumbricidae, undetermined. Earthworms. 
Tubificidae, undetermined. 
Naididae, undetermined. 


PLATYHELMINTHES 
TRICLADIDA. Flatworms. 


Dendrocoelum lacteum (Mill.) 
Planaria sp. indet. 
re polychroa O. Schmidt. 
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CHAPTER XVII 


THE FISHERIES OF THE RIVER 


In the comparatively unpolluted non-tidal reaches of the Tees, fish of various 
kinds were fairly abundant, and, as would be expected, more were found in the 
lower reaches of the river than in the upper more or less torrential portions. A 
complete list of all the species of fish known to occur in the non-tidal river is given 
in Table 56; it is probable that intensive search would show that a few other species 
are present. The three-spined stickleback (Gasterosteus aculeatus), for example, 
was found in the estuary as far up as Yarm but not above. 

Pike (Esox lucius) and Perch (Perca fluviatilis) were rare. They were recorded 
near Croft but they did not appear to be numerous or widely distributed. 

The carp family (Cyprinidae) provided the greatest number of “ coarse fish ”’ 
in the Tees. The dace (Leuciscus leuciscus), chub (Leuciscus cephalus) and minnow 
(Phoxinus phoxinus) were the commonest, but gudgeon (Gobio gobio) and roach 
(Rutilus rutilus) also occurred though not very abundantly. They are frequently 
taken by anglers, sometimes fishing with a worm, maggot or paste, but dace and 
chub (sometimes also roach) rise freely to an artificial fly and are often caught 
when fishing for trout. These fish were common in the river below Croft and 
sufficiently numerous for angling societies to arrange competitions for the biggest 
catch of coarse fish. Above Croft all except the minnow diminished rapidly. 
Gudgeon were not recorded above Croft and the highest reach where dace, roach 
and chub were observed was Piercebridge. The range of the minnow was not 
determined but it occurred as high as Barnard Castle and probably higher. 

Fels (Anguilla anguilla) were common throughout the Tees though apparently 
less abundant than in many south country rivers. There is no commercial fishery 
for either “ silver’ (migrating) eels or for elvers, nor does the run of elvers in the 
spring attract popular attention as it does, for example, in the Severn. 

The flounder (Pleuronectes flesus) occurred commonly in the lower reaches of 
the river and extended as far up stream as Piercebridge. This place is about 53 
miles from the river mouth and 28 from the tidal limit so that flounders in the Tees, 
as in the Severn”, travel comparatively long distances into fresh water. 

The smaller fishes, bullheads or miller’s thumbs (Cottus gobio) and stone loaches 
Sa Raden barbatula), were fairly common in the river, at least up to Barnard 

astle. 


GRAYLING 


The grayling (Thymallus thymallus) was common in the middle reaches of 
the Tees. Its upper limit was somewhere near Winston Bridge, about midway 
between Piercebridge and Rokeby. It did not appear to descend into tidal water 
but it was common at Low Middleton. Local tradition states that this fish was 
introduced into the Tees about 50 years ago. At the time of the survey this fish 
was one of the commonest species in the central portion of the river. It was said 
that in recent years its numbers had diminished below Croft ‘‘ owing to pollution 
from the Skerne.”” Though there were no figures available, this decrease might have 
been real, but there is no evidence that it was due to pollution. This fish is of value 
to anglers and its presence in the Tees is not discouraged. It rises freely to the fly 
and enables fly fishing to be practised after the trout season has closed. It is also 
taken by bottom fishing with a worm. 


TROUT 


The brown trout (Salmo trutta, formerly known as S. fario) was the dominant 
fish of the greater part of the Tees. The species ranged from the tidal waters 
almost to the source, and above High Force these were practically the only fish, 
except eels, inhabiting the stream. Angling for trout was extensively practised and 
some idea of the abundance of these fish may be gathered from the fact that in the 
reaches above High Force the day’s catch might be up to 80 fish. Farther down- 
stream, catches by expert fishermen of 20 or 30 per day were by no means un- 
common. 
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The size of the fish varied. The Fishery Board imposes a length limit of 
eight inches below which fish should be returned to the water. In the uppermost 
reaches it is probable that many of the fish never attain this size; the majority 
when adult measured about six inches. In the middle reaches the fish caught were 
generally between 8 and 12 inches in length and from } to ? lb. in weight, though 
each year a few fish weighing 3 to 4 lb. were recorded. In the lower reaches below 
Croft the fish seemed to attain a larger average size and fish of 1 to 14 lb. were not 
uncommon. These differences in size may be due to differences in the available 
food supply, the lower river producing much more food than the bare, rocky 
stream of the moors. An example of this may be seen by comparing the richness 
of the collections of the invertebrate fauna at Stations B and S. 


Between 1904 and 1915, 64,750 trout (yearlings and 2 year olds) were purchased 
and distributed in the Tees. The war seriously affected the activities of the Tees 
Fishery Board and then, after the war, the decline in income owing to the decrease 
of the salmon fisheries no longer allowed stocking to be undertaken to the same 
extent, but trout were purchased in 1917, 1920, 1923, 1924, 1925, 1929 and 1930. 
The year 1930 saw an innovation in the purchase of 10,000 trout fry. Recent 
experience in south country rivers seems to show that although stocking with fry 
may not always provide such quick returns as with yearling or two year old fish 
it is eventually more profitable, and it is to be hoped that a similar result will be 
obtained on the Tees. 


It is impossible to give any account of the fluctuations in the trout fisheries of ~ 
the river, as there are no figures upon which to base deductions. There are two 
schools of local opinion, one of which holds that the fishing is deteriorating and the 
other that it is improving. It is possible that better land drainage and the des- 
truction of mill weirs at Barnard Castle has resulted in more sudden and destructive 
floods, which tend to make conditions harder for the trout, but at the same time 
the care and attention given to the fisheries has probably brought about an im- 
provement. There is also the fact that better transport facilities have made the 
river more accesible to a wider district, thereby increasing the number of anglers, 
with the twofold result that the river acquires a wider reputation and at the same 
time there is a greater drain on the fish. It is certain that pollution cannot be 
blamed for any real or apparent decrease in the numbers of trout. It is shown 
elsewhere in this report that the pollution of the river above Yarm was very largely 
of sewage origin, and that nowhere in the upper reaches of the Tees was there suffi- 
cient to be directly harmful to trout. While it is not suggested that such pollution 
as occurs in the Tees is in any way desirable, it may be pointed out that the increased 
food supply in certain parts is to some extent due to the nutritional value of small 
quantities of sewage. In the past, local industries on the banks of the river above 
Yarm were occasionally reported to kill fish, usually as a result of some accident 
causing the discharge of a toxic effluent. Examples may be found in the Annual 
Reports of the Tees Fishery Board®. In the three years during which this survey 
was carried on, no case of this sort occurred above Yarm. There were at one time 
extensive lead mines in Upper Teesdale. What effect the discharges of water from 
the “‘ hushes ”’ and washings from the spoil heaps had on the fisheries it is now 1m- 
possible to say, though local information stated that fish were not killed and were 
easier to catch in the discoloured water. It is impossible, in view of the work of 
Carpenter to ignore the fact that lead mines in active operation constitute a 
potential danger to fisheries and it would be difficult to deny that the closing of the 
mines was beneficial to the river from the anglers’ point of view. : 


All the usual angling methods are employed on the Tees. The “ wet fly,” 
using three or four artificial flies, and fished either up or downstream is probably 
the most widely used, though the ‘ ‘dry fly’ is becoming increasingly popular, 
especially in the lower teaches. Minnows, the larvae of the large stoneflies, worms, 
and artificial spinning baits such as Devons and spoons are also employed, and it is 
often by such methods that the largest fish are obtained. 


The effect of the falls, High Force and Cauldron Snout, on the trout population 
of the river is an interesting matter for speculation. Although trout occur above 
these falls it is quite obvious that they cannot pass up from below. The stock 
of trout in the river above Cauldron Snout is therefore isolated from that below, 
and the same applies to the stock above and below High Force. It is, however, 
probable that trout are washed over the falls during floods and there is no evidence 
that they fail to survive the passage. 
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MIGRATORY SALMONIDAE 


Salmon (Salmo salar) and sea trout (S. trutta) have until recently formed a 
most valuable portion of the fisheries of the Tees, and until the last decade there was 
an important commercial fishery for them at the mouth of the river. Since 1904 
the Tees Fishery Board has published returns of the catches, by nets, of these fish. 
The returns are not complete though they include most of the fish caught, so that 
there is no means of estimating the influence on the number taken of factors other 
than the abundance of fish; the data can however be used to give a rough idea of the 
fluctuations in the number of fish entering the estuary during the legal fishing season 
(the months February to August inclusive). The catches for the period 1904-31 
have been plotted in Fig. 37. It will be seen that the catches fluctuate widely from 





Year 
Fic. 37—Annual Catches by Nets of Salmon and Sea Trout in the Tees Estuary, 1904-1931 


year to year, the maximum catch of salmon being 13,154 fish in 1923 and the mini- 
mum 132 in 1930; for sea trout the maximum was 9,017 in 1910 and the minimum 
575 in 1925. In general, however, it will be seen that before 1914 the catches were 
on the average better than they have been since, the maxima were higher and the 
minima did not fall so low. This is more clearly brought out if the average catch 
for periods of five years is considered (Table 57). 


TABLE 57—Averages for Five-Year Periods of Annual Catches by Nets of Migratory 
Salmonidae, 1904-1933 


Years Salmon Sea Trout 
1904-08 6,411 “SES, 229 
1909-13 8,067 5,816 
1914-18 5122 1,825 
1919-23 5,730 4,423 
1924-28 2,850 1,274 
1929-33 1,826 816 


From this table it will be seen that the numbers of both salmon and sea trout were 
high in the decade preceding the war; there was a slight fallin the salmon catches 
and a marked fall in the sea trout catches during the war years, a recovery to some- 
thing approaching the pre-war yield in the five years immediately after the war 
and then a sudden decline in the period 1924-28 and a further decline for the period 
1929-33. 
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Although the subject of pollution is referred to in all the Annual Reports of the 
Tees Fishery Board, there is no evidence that the Board considered it a serious 
menace to the fisheries of the river until the year 1920. The report for that year 
says: “‘ There is an almost incessant complaint now, both of net fishermen and rod 
and line fishermen, regarding the grievous pollution of the river and its tributaries,”’ 
and records for the first time that salmon smolts perished in vast numbers when 
making their way to the sea. This smolt mortality has since been almost an annual 
event and has been fully investigated during this survey; the results obtained 
are given in the part of this Report dealing with the estuary’®. There can be no 
doubt that the destruction of the smolts by industrial pollution in the estuary is 
the main factor in causing the decline in the salmon and sea trout fisheries of the 
river. How much mortality occurs among the adult fish on their migration 
upstream through the estuary to the spawning beds has not been determined, and it 
can only be said that it is not nearly so extensive or important as the loss of smolts 
on their seaward migration. 


In addition to this commercial fishery, angling for salmon and sea trout was 
popular a few years ago in the upper river. The records of the Tees Fishery Board 
are incomplete, but it appears that the maximum catch of both salmon and sea 
trout by rods was obtained in 1912 when 643 salmon and 130 sea trout were taken. 
The fluctuations of this fishery are shown in Fig. 38; the curves on this Figure show 
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Fic. 388—Annual Catches by Rods of Salmon and 
Sea Trout in the River Tees, 1910-1931 


a decline similar to though even more marked than that in the net fishery. It seems 
that rod fishing is affected by the same causes, the war bringing about a temporary 
decrease. The destruction of smolts since the war has by now practically ruined 
the river from the point of view of the salmon angler. 


Although the migratory fish have suffered so severely from pollution, the records 
show that they are by no means extinct in the river, and if the causes responsible 
for the death of smolts in the estuary were removed it is reasonable to suppose that 
in time the Tees would again become a salmon river of some importance. If 
pollution continues as it is today the decline will continue, but it is possible that 
even so it would be some years before the race of salmon and sea trout became ex- 
tinct in the Tees, for, owing to the variable habits of migration of these fish'» a 
successful smolt run once in every five years would enable them to avoid total 
extermination. 


Although the Teés may not rival the Tay as a salmon river, it appears to 
be very suitable for the maintenance of a good fishery. The upper river is 
nowhere sufficiently polluted to affect fish seriously, there are no obstructions to 
prevent a free run of spawning fish, spawning beds are plentiful and disease is 
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negligible. Until 1895 a mill dam at Dinsdale formed a barrier which was sur- 
mounted with difficulty by migratory fish, but in that year it was bought and 
demolished by the Board of Conservators of the Tees Salmon Fishery District. 
Though no figures are available to show the effect of this work, the Reports of 
the Board before the war constantly refer to the improvement brought about by the 
removal of this structure. Some people, however, still maintain that the removal 
of the dam did more harm than good; they say that before 1895 the presence 
of the obstruction encouraged the spawning of salmon and sea trout on the gravels of 
the lower part of the river which are alleged to be more suitable, whereas now the 
fish pass on to the upper reaches. It does not appear, however, that artificial ob- 
struction of the river so near the estuary could be to the advantage of the fish, and 
it might moreover produce dangerous overcrowding and consequent risk of disease. 
Suitable spawning beds exist over long distances from the tidal limit to the mouth of 
the Lune and, as High Force presents an insuperable barrier to the migration of fish, 
the danger that at spawning time the fish will find themselves in a place unsuitable 
for the making of redds is small. It seems clear that it is an advantage to have 
spawning fish as widely distributed as possible. It may here be pointed out that 
the silt discharged into the river by a stone-washing plant at Middleton-in-Teesdale 
constitutes a possible source of danger to the extensive spawning beds near the 
mouth of the Lune, for a deposit of silt is fatal to the eggs of Salmonidae. Migra- 
tory fish also spawn freely in the tributaries of the Tees, notably in Grand Beck and 
the Greta. Itis probable that the impounding of the head waters of the Balder and 
Lune to form reservoirs for the Tees Valley Water Board somewhat restricted 
the spawning grounds available in these tributaries, but at the time of the survey 
there was ample room in the main stream for all the fish which ascended the river. 
Since the records of the fishery began there has never been an important run 
of spring fishin the Tees. Most of the salmon appear to be grilse and small summer 
fish, which have spent over one and over two years respectively in the sea. In 
consequence the average weight of Tees salmon ranged from 7-3 lb. in 1906 
to 15-0 Ib. in 1929. The average weight of fish caught by net fluctuates from 
year to year but there has been an obvious increase since 1904. If the averages 
are taken for periods of five years the weight is shown to have increased regularly 
throughout the period (Table 58). It appears that this increase in average weight 
may be due to a continual decrease in the proportion of grilse captured. A decline 
until the last two or three years in the number of grilse caught has been a marked 
feature of the salmon fisheries of many rivers during the present century’. 


TABLE 58—Average Weights for Five-Year Periods of Salmon Caught by Nets in the 





Tees 

No. of salmon Average weight per 

Years taken fish 
Ib. 

1904-08 32,056 9:0 
1909-13 40,335 10-0 
1914-18 25,610 10°8 
1919-23 28,650 11-8 
1924-29 14,251 12-2 
1929-33 9/129 12-8 


The chief natural enemy of the fish in the Tees appeared to be the otter (Lutra 
vulgaris). These animals were fairly common, in spite of the existence of a pack of 
otter hounds. As an indication of the number of otters in the district it may be 

mentioned that the hounds killed three in one day in 1929; these animals must con- 
sume a considerable number of fish. Herons and kingfishers were not very abundant 
and therefore probably had little effect, but gulls were fairly numerous and were 
said to be increasing. How much of their diet is composed of living fish from the 
Tees is unknown and their importance cannot therefore be estimated. External] 
parasites of fish in fresh water, e.g. the leech Piscicola and the carp louse Argulus, 
were not recorded, and while parasitic worms were present in many of the fish 
examined they were usually found singly, no heavy infestations being recorded; it 
seems therefore that parasites do little damage. Outbreaks of fungus disease, 
affecting chiefly sea trout, were recorded in 1904 and 1905, but do not seem to have 
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recurred. Furunculosis has never been recorded, and in general there appears to 
be little disease of any kind. 


THE SKERNE 


The history of the fisheries of the Skerne is a striking example of the effect of 
pollution. In the early years of this century it appears that this river contained 
large numbers of trout and coarse fish, and that it was improving, for in 1901 the 
Report of the Fishery Board records that for the first time in living memory sea 
trout ascended the river and spawned at Darlington. They continued to do so 
until 1903 but there is no record since of their visiting this river. Almost annually 
the Board records some pollution which killed fish in the Skerne, but in 1906 and 
1907 it was still considered worth while to stock the river with trout. After that it 
appears that pollution increased and the Fishery Board gave up the unequal struggle. 
Now the capture of a trout is sufficiently rare to be recorded in the local newspapers. 
There is no doubt that in the absence of undue pollution the Skerne would support 
a large stock of fish. 
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CHAPTER XVIII 


THE FOOD OF THE FISHES 


During this survey of the Tees the co-operation of local anglers made it possible 
to obtain stomachs of various species of fish from the river for the purpose of 
investigating the nature of their food. In all, the stomachs and intestines of 185 
fishes were obtained. Of these 104 were brown trout (Salmo trutta), 39 dace 
(Leuciscus leuciscus), 15 chub (L. cephalus), 12 grayling (Thymallus thymallus), 
5 flounders (Pleuronectes flesus), 4 salmon smolts (Salmo salar), 3 gudgeon (Gobio 
gobio), 2 roach (Rutilus rutilus) and one fish which was listed by the angler who 
caught it as “‘ roach or chub.” As the gut of this fish was empty it can be ignored. 
The method by which the fish were caught was not recorded, but all fish were 
obtained by angling, none by netting. Trout and grayling were usually caught 
by wet-fly fishing. Some of the other species were also obtained by this method, 
but bottom fishing, using worms or “ gentles’’ (larvae of Calliphora sp.) is also 
practised and large numbers of coarse fish were obtained by this method. Whether 
the material obtained was representative or whether different methods of angling 
provide fish of different feeding habits was not therefore determined. It is possible 
that fly fishing may yield a higher percentage of surface feeders than actually 
exists among the stock in the river, but subsurface food was present in most fish 
taken by this method, and it will be shown later that there is no evidence that fish 
at one time feed exclusively at the surface and at others on the bed of the stream, 
so that the nature of the food can be safely deduced from the material obtained. 
When bottom-fishing many anglers use ground bait in the form of maggots of 
Calltphora sp. which are thrown into the water to attract the fish. It was therefore 
common to find these larvae in the stomachs of fish obtained by this method. The 
chance of a blowfly maggot reaching the river in the natural course of events is 
small and although they are acceptable to many species of fish they cannot normally 
form part of their food. 

Except in a few cases the food in the stomachs consisted of animal matter, 
and the identification of the organisms present depended largely on the degree of 
digestion. Food in the anterior portion of the gut was often only slightly digested, 
but as it passed backwards it became more and more difficult to identify, and 
generally in the intestine or the hinder part of the undifferentiated enteron of the 
Cyprinidae it was a matter of chance whether anything could be recognised at all. 
Indigestible matter, such as snail shells and caddis cases, was of course recognisable 
and certain organisms, for example Gammarus pulex and Ephemerella sp. nymphs, 
are digested into characteristically coloured masses, the former yellow and the latter 
dark crimson, but other material was generally unrecognisable. Inthe examination 
of the contents no attempt was usually made to identify species. It has already 
been pointed out that the larvae of Diptera, Trichoptera, Ephemeroptera and 
Plecoptera, even when fresh, can seldom be referred to their species; in semi- 
digested material it becomes even more difficult. Identification of the adults of 
_ these orders depends largely on the examination of their genitalia, and as in the 
stomachs the flies were represented often only by heads or legs and wings, the softer 
abdomen being digested, specific determination was not obtained. In general in 
compiling the results the animals were classified into large groups, partly on account 
of this difficulty of identification and partly because the numbers dealt with were 
comparatively small; it also seemed desirable to treat the material in as broad a 
manner as possible. 


RESULTS OF EXAMINATION OF FISH STOMACHS 


Brown Trout (Salmo trutta) 

An account of the food of the brown trout has already been published™. It 
is only necessary, therefore, to give here an account of the findings on the Tees, 
without any discussion of their wider significance. 

The trout is almost entirely carnivorous. In only three cases was vegetable 
matter found in the stomachs. In one there was a quantity of bread, in another a 
grass seed and in the third two dead leaves, but no remains of water plants were 
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found. A list of the commoner organisms found in the stomachs of fish from the 
Tees is given in Table 59. 


TABLE 59—Organisms Found in the Stomachs of Brown Trout 
(Weight 4 oz. — 1 Ib.) 
Number examined 104 





Percentage of total stomachs in which 


nisms ; 
Food organis food occurred 





Pisces 5:8 
Diptera : 

Adult x4 28-8 

Chironomid larvae .. 23°1 

Simulium larvae 6:7 
Coleoptera : 

Land forms .. 14:4 

Water forms 7:7 
Hemiptera : 

Aphidae 6-7 
Trichoptera : 

Adults 4 26-9 

Free-living larvae .. 29°38 

Cased larvae 26-0 
Ephemeroptera : 

Heptageniidae, adults PALS 

R! larvae 23°1 

Baetidae, adults 16°3 

e larvae 22:1 
Plecoptera : 

Perla and Perlodes, adults 4°8 

A he larvae 7:7 

Leuctridae, adults .. 3°8 

* larvae . 3°8 
Crustacea : 

Gammarus pulex 7°7 
Mollusca .. : 2°9 
Oligochaeta 2:9 
Others 21-2 
Empty 2:9 


The fishes recorded were minnows (Phoxinus phoxinus), bullheads (Cottus 
gobio), and in one case young cyprinoids, probably dace (Leuciscus leuciscus). 
No attempt was made to name adult Diptera. They consisted very largely of 
Simulium of various species and Chironomids. The Coleoptera were separated 
only into terrestrial forms, such as weevils, and aquatic forms. Adult Trichoptera 
consisted largely of Leptocerus spp. though Brachycentrus subnubilus (the grannom) 
and Agapetus comatus were also recorded. The larvae have been divided into 
two groups, those which form no regular movable case, such as Rhyacophila, 
Agapetus, Polycentropus and Hydropsyche, and those which do. These were | 
chiefly Leptocerus spp. but Brachycentrus subnubilus and an unidentified Limno- 
philid also occurred. Heptageniidae included the genera Riithrogena and Ecdy- 
onurus, and the Baetidae, Baetis and Ephemerella. The Mollusca recorded consisted 
of Limnaea peregey and Ancylastrum fluviatile. Oligochaeta included Lumbricids 
in two instances and Tubificids in one. Among those listed as “‘ Others,’’ com- 
prising those organisms found only in one or two specimens, were E7zstalis larvae, 
Tipulid larvae, millipedes, bees, caterpillars, Calliphora larvae (ground bait), 
Stalis larvae, leeches, black slugs and Asellus aquaticus. 

The number of species and of individuals found in one stomach varied enor- 
mously. When the food organism was large, for example fish or Perla larvae, 
then the numbers were naturally small; a few occupy the stomach and leave no 
room for other species. When small animals such as Simulium and Baetis were 
taken, then the individuals might be numerous and the number of species large, 
though in general the bulk of the food consisted of one species only. In Table 60 
are shown the average numbers per stomach of the commoner food organisms. In 
some stomachs numerous fragments of animals were recorded without any attempt 
being made to estimate the actual number; these have been, omitted. 
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The number of individuals of a small animal which may occur in a trout 
stomach is sometimes enormous. Thus one contained 250 Simulium sp. and 
another 130 Baetis larvae. As an example of the catholic nature of a trout’s 
taste the contents of a stomach obtained from Langdon Beck during a flood in 
August 1930 may be given in full :—Szmulium sp. 10, Stmulium sp. larvae few, 


TABLE 60—Average Number per Stomach of the Commoner Food Organisms Found 
in Brown Trout 


Average number per 
stomach in which 
they occurred 


Number of stomachs 


Food organisms in which counted 


Pisces eh he er" 43 a ze, 6 1-7 
Adult Diptera s i ae =e - 25 25-3 
Chironomid larvae .. rh # = ae 21 6-8 
Simulium spp. larvae ae a ae = 6 2-3 
Land Coleoptera -: - Be df a 15 2-0 
Water Coleoptera... . a ai “% 8 2:4 
Aphidae = ee ie a al’ 5s 5 1-4 
Adult Trichoptera .. ta a * se 21 2-4 
Free-living Trichopterous larvae .. e. an 30 3-0 
Cased Trichopterous larvae .. af - os 26 7-2 
Adult Heptageniidae a v: a xf 1 4-3 
Larval Heptageniidae re es = Hs A 1-8 
Adult Baetidae xe te a e te 12 10-5 
Larval Baetidae ve x I, ss on 15 19-3 
Perla and Perlodes larvae .. a we r 8 2-0 
Gammarus pulex a aS fs = ay 7 1-4 


Chironomid larvae very numerous, bee 1, caterpillar 1, caddis fly 1, Leuctra sp. 10, 
Leuctra sp. larvae very numerous, Baetis sp. larvae very numerous, black slugs 4, 
Lumbricids 4, Tubificids 1. For comparison a more typical example from Ery- 
holme in June 1931 is :—Chironomid larvae 2, Ecdyonurus sp. larvae 1, Ephe- 
merella sp. larvae 4, Baetis sp. larvae 4, Ancylastrum fluviatile 1. 

It is clear from these examples and from Table 59 that almost anything that 
comes near is a possible food for trout, but it is axiomatic that the nature of the 
food is dependent on the available supply and is limited to those animals which 
live or are drowned in the river or come on to its surface. It is natural therefore 
that the greater part of the food consists of aquatic animals and of insects. Most 
of the stomachs examined were obtained from fish from the lower reaches of the 
river, and the frequency with which Hydropsyche sp. larvae, Leptocerus spp. larvae 
and Baetis spp. larvae were found in them corresponded with the abundance of these 
organisms in that region ; there appeared, with one possible exception to be mentioned 
later, to be no evidence that the trout exercises any discrimination in its choice 
of food. It appeared however that there were factors other than abundance 
which affected the importance of the food organism. Thus, although Chironomid 
larvae, Simulium larvae and Ancylastrum fluviatile were very common in the river, 
their occurrence among trout food was not nearly so regular as that of some other 
animals. It seems probable that both the size and the habits of the organisms 
affect their “ availability.’’ Chironomid larvae may be too small to be attractive 
to the fish, Simulium larvae are also small and live mostly in very fast flowing 
water in places where it is unlikely that trout can feed, and Ancylastrum fluviatile 
adheres firmly to stones and must be difficult to detach. Although these differences 
of ‘“‘ availability’ are strongly suggested by Table 60 the data are insufficient to 
give any idea of their importance in determining the nature of the food of trout, 
and it can only be said that relative abundance of the food organisms is the factor 
of most importance. It is possible that Chloroperlidae (Chloroperla grammatica, 
Isopteryx tripunctata and I. torrentiwm) are not eaten by trout, for although they 
were common as larvae during the spring and as adults on the water surface in 
summer they were not found in any stomachs examined. This is confirmed by 
Halford (quoted in Mosely’) but it may be that insufficient material is responsible 
for this conclusion. | 

A broad classification of the food can be made according to its origin, whether 
it is found on the surface or in the water. In Table 61 there are given the numbers 
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and percentage of stomachs containing surface and subsurface food and a mixture 
of the two. It will be seen the majority fed on a mixture, showing that fish do 
not at one time feed exclusively on surface and at another time on subsurface 
organisms. It was previously shown that the fauna of the Tees was composed 
mainly of insect larvae. As larvae become adult and leave the water the fauna 
becomes impoverished and the trout are forced to seek their food on the surface. 
In Table 62 the seasonal occurrence of food of different origin is given. In August, 
when many insects had left the water and the eggs they produced had not hatched, 
50 per cent. of the stomachs contained only surface food. 


TABLE 61—Origin of Food Found 1n the Stomachs of Brown Trout 





Number of 
Origin of Food Stomachs Percentage 
Surface only .. ah me * 19 18-2 
Mixed surface and subsurface Ss 55 52-9 
Subsurface only yi ene aA 27 26-0 
Empty ne S a oe 3 2-9 
Total ne - te 104 100-0 


TABLE 62—Seasonal Occurrence of Food of Different Origin in the Stomachs of 
Brown Trout 








Origin of Food Number of Stomachs 
April May | June July Aug. Sept. 
Surface only x Me 0 1 1 5 11 1 
Surface and sub-surface. . 10 7 15 1] 8 4 
Subsurface only .. “s 6 0 12 1 3 


5 


The greater part of the surface food, as shown in Table 59, consisted of aquatic 
Diptera, Trichoptera, Ephemeroptera and Plecoptera. These insects after 
leaving the water return to it to lay their eggs and it is natural that they formed 
the greater part of the surface food. Other insects can be taken equally well but 
the chance of their finding their way to the river is not so great. It is significant 
that weevils and other tree-living beetles and aphids were the most abundant land 
insects; it is clear that they fall from trees on the river banks, and that such trees, 
as Phillips'®) found, are of material help to the food of trout. The occurrence of 
other insects on the water surface, such as bees, caterpillars, etc., is purely a matter 
of chance and, though they are eaten by trout when occasion offers, they are not 
likely to be an important source of food. 


Salmon smolis (Salmo salar) 


An account of the food of salmon smolts taken in the estuary has been given 
elsewhere. Only 4 specimens were obtained in the upper river and it is possible 
only to give a list of the organisms found. They were Chironomid larvae A (very 
numerous), Ecdyonurus sp. larvae (very numerous), Rhyacophila sp. larvae, Poly- 
centropus sp. larvae, and unidentified Trichopterous larvae. These smolts were 
entirely carnivorous and their food seemed to be of the same nature as the food of 
the trout. 


Grayling (Thymallus thymallus) 


All the grayling stomachs examined contained food which was entirely animal 
in origin. A list of the groups of organisms found and the number of stomachs in 
which they occurred is given in Table 63. | 
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The class “ Others ’’ includes forms which were found only in one stomach: 
Corixa sp., Perla sp., Leuctra sp., Tanytarsus sp. larvae, Simulium sp. larvae, 
ants, bees, caddis pupae (probably Polycentropus sp.), Tubificid worms and maggots 
(ground bait). The fish sometimes contained large numbers of smaller organisms 
such as Diptera, e.g. one stomach had in it 75 Szmulium spp. and, while too few 


TABLE 63—Organisms found in the Stomachs of Grayling 


Number of stomachs in which 
Organisms organism occurred 


Diptera 
Adults aie 
Chironomid larvae . 
Coleoptera 
Land forms .. 
Hemiptera 
Aphidae 
Trichoptera 
Adults 
Cased larvae 
Ephemeroptera 
. Adult Heptageniidae 
Larval Heptageniidae 
Larval Baetidae 
Mollusca 
Limnaea pereger 
Others are 


OD bo G2 bo bo m bo iow) ie) Qo O1 


were examined to enable any figures to be given, it seems that the number of 
organisms eaten was dependent on their size and availability. Of the stomachs 
examined 2 contained surface food only, 6 a mixture of surface and subsurface 
food and 4 subsurface food only. Although the amount of material examined was 
small, it is clear that the food of grayling closely resembles that of the brown trout. 


Dace (Leuciscus leuciscus) 


The Cyprinidae differ from the other fishes examined in that the anterior 
portion of the gut is not differentiated to form a muscular stomach. The first loop 
of the enteron is somewhat wider than the posterior portion and generally it was 
possible to identify the nature of the food in this region only. Towards the hinder 
end digestion had proceeded too far to permit identification. 

Although 39 dace were examined only 13 provided any useful data. Most of 
the fish were obtained by the courtesy of the Stockton Angling Association and 
were caught during a fishing competition in which ground bait was used. As might 
be expected a large number of the fish contained maggots (the ground bait); 22 
had no other food in their intestines and thus provided no information on the nature 
of the food usually eaten. The remaining four were either empty or the food had 
been so much digested that nothing was recognisable. Of the thirteen intestines 
- containing food 12 contained animal matter only. Chironomid larvae occurred 
5 times, Heptageniid larvae 4, caddis pupae (probably Hydropsyche sp.) 3, Lumbricids 
2, and minnows (Phoxinus phoxinus), Simulium sp. larvae, Hydropsyche sp. larvae, 
Leptocerus sp. larvae, Baetis sp., Leuctra sp., Limnaea pereger, Sphaerium corneum 
and the remains of unidentified caddis and ephemerids in the form of wings, once 
only. One gut was packed with threads of Vaucheria sp. and Ulothrix sp. 

It is clear that dace, while they may occasionally eat vegetable matter and 
animals floating on the surface of the water, depend for their food very largely upon 
animals living on the river bed. They do not appear to take surface food as freely 
as do grayling or trout, for in only three cases were winged insects present in the gut, 
i.e. 24 percent.,as compared with 71 per cent. for trout and 67 per cent. for grayling ; 
adult. Diptera were not recorded. The organisms which occurred in greatest 
numbers were Chironomid larvae, though the one fish that had been feeding on 
Sphaerium corneum had 35 shell valves, representing at least 18 individuals, in its 
intestine. The data are insufficient to show whether the dace discriminates in its 
choice of food but it is clear that its feeding habits are somewhat different from those 
of the Salmonidae. | 


@ 16819 M8 


168 SURVEY OF THE RIVER TEES—NON-TIDAL REACHES 


Chub (Leuciscus cephalus) 

Of the 15 intestines of chub received for examination 4 were either empty or 
digestion had proceeded so far as to render identification impossible. In the re- 
mainder, plant material was found in 5, fish in 4, Hydropsyche sp. larvae in 2, and 
cased caddis larvae (Brachycentrus or Lepidostoma), Eristalis sp. larvae, Ancy- 
lastrum fluviatile, Baetis fragments and Lumbricids in one. The plant material, 
where it could be identified, consisted of grass, Elodea, the moss Eurhynchium ruset- 
forme, flat-leaved Potamogeton and filamentous algae (Cladophora and Stigeoclonium) 
with numerous diatoms among the filaments. The fishes consisted of minnows 
(Phoxinus phoxinus), bullheads (Cottus gobio), and, in one case, an eel (Anguilla 
anguilla). Although the data are so scanty it is clear that the chub is omnivorous, 
eating both plant and animal matter. The intestine which contained the eel also 
contained plant remains so that the fish do not at one time feed on animals and at 
another on plants. How frequently surface food is taken the data are insufficient 
to show, but it is well known that chub will rise and eat insects on the surface‘. 


Gudgeon (Gobio gobio) 

No details of the food of this species are available. Of three specimens 
examined two were empty and the third, taken during the fishing competition, 
contained one dipterous insect and two maggots of Calliphora, which formed 
part of the ground bait used. 


Roach (Rutilus rutilus) 


Only two intestines of this species were obtained. One contained the case of a 
caddis larva (either Brachycentrus or Lepidostoma) and two beetle elytra; the other 
contained one blow-fly maggot, again as a result of ground baiting. 


Flounders (Pleuronectes flesus) 


The stomachs of five flounders were examined. Only animal food was present. 
The organisms identified were minnows (Phoxinus phoxinus), Chironomid larvae, 
adult caddis (perhaps Agapetus sp.), Hydropsyche sp. larvae, Heptageniid larvae, 
Baetis sp. larvae, Gammarus pulex, Limnaea pereger, Glossosiphonia complanata, 
and Lumbricids. 

It is obvious from this account that the nature of the food of fishes is a complex 
problem which requires much more investigation before any definite conclusions 
can be drawn, but the results suggest that the Salmonidae and flounders are 
indiscriminately carnivorous while the Cyprinidae are omnivorous. 
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CHAPTER XIX 


THE RIVER SKERNE 


In its effect on the main river the Skerne is the most important tributary of the 
Tees. Three series of chemical and biological observations on this stream were 
made in June 1930, September 1930 and February 1931. 

The valley of the Skerne, which, unlike that of the Tees, is poorly defined, 
lies entirely on boulder clay over Magnesian Limestone. Although the Skerne 
has no tributaries of any size, it is fed by numerous tiny streams. The headwaters 
lie along a ridge between Trimdon and Ferryhill and are impounded at Red Hur- 
worth to supply water for industrial purposes at Hartlepool. As there is no arrange- 
ment to supply compensation water there is frequently in dry weather no overflow 
from the reservoir. An effluent from the colliery village of Trimdon enters at the 
outlet of the reservoir through the wall of the spillway and forms a second and in 
dry weather the only source of the stream. 


SURVEY STATIONS ON THE SKERNE 


Eleven survey stations were chosen on the Skerne. The letters used to desig- 
nate these stations, their positions and their characteristics are given in the fol- 
lowing paragraphs. The figures in brackets give the distance, in miles, of the station 
from Red Hurworth. 

Sk. 2. Below the Reservoty at Red Hurworth. This station is immediately 
below the outfall of the reservoir and is the highest point at which the river was 
examined. The stream here is small, about four yards wide, and the bed consists of 
black mud overlying stones. 

Sk. 3. Fishburn—Butterwick Road (3-7). This station is where the road from 
Fishburn to Butterwick crosses the river. Here the stream is wider than at Sk. 2 
and the bed consists of soft mud and sand with a few embedded stones. The current 
is slow. 

Sk. 4to Sk.7. The physical characters of the next four stations are very similar, 
the only difference being the progressive increase in the volume of the water. 
The stream is from five to ten yards wide and is free flowing and shallow, with a 
bed of gravel and a few larger stones overlying a greyish clay. Macrophytic vegeta- 
tion is abundant. Sk. 4 (6-1) is where the Sedgefield—Durham road crosses the 
Skerne. Sk. 5, Bradbury (9-5) is where the Sedgefield—Bishop Auckland road 
crosses the Skerne. Sk. 6, Preston-le-Skerne (14), is just below where the Sim- 
pasture electric railway crosses the Skerne. Sk. 7, below Ketton Hall (18-5), is 
where the footpath from Harrowgate crosses the Skerne. 


Sk. 8. Haughton-le-Skerne (23-2). This station is above the bridge on a side 
road between the church and the main road. Here the stream is deeper (up to 4 feet) 
and slower than at the higher stations; the bed consists of sand and mud with very 
few stones. Submerged plants are absent but there are a few emergent reeds. 


Sk. 9, near entrance South Park, Darlington (27-6). At this station also the 
current is slow and the water is deep. The stream is confined between artificial 
banks strengthened by wooden piers; most of the collections were made near the 
bases of the piers. Between this station and the next the Skerne is dammed to 
form an ornamental pool which is used for recreational purposes. In this pool 
much of the silt brought down by the upper river is probably deposited. 

Sk. 10, above Darlington sewage works (30). This station is immediately below 
the bridge on the bridle way from Snipe House to Blackwell. Although the 
stream at this point is larger than at Stations Sk. 4 to Sk.7, it is similar in character, 
that is, it is free flowing and shallow, and its bed is of gravel and stones of medium 
size. 

Sk. 11, below Black Bank chemical works (30-9). This station is just above a 
bridge which connects two pasture fields, 600 yards below the outlet from the 
chemical works. The stream here is deep and slow-flowing with no vegetation. 


Sk. 12 (31-9). This is the lowest station on the Skerne and is the same as 
Station E on the Tees list. 
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CHEMISTRY OF THE SKERNE 


Some of the results of the analyses carried out in the three surveys are given in 
Tables 64 to 66 and others are illustrated graphically in Figures 39 and 40. As it 
was not practicable to measure the flow in the upper reaches of the Skerne, figures 
are available only for concentration of the constituents and no idea can be given 
of the actual weights of constituents passing a point in unit time. Fig. 39 shows 
the concentrations of free and saline ammonia, nitrite and nitrate, expressed as 
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Fic. 39—Concentrations of Free and Saline Ammonia, 
Nitrite and Nitrate at Various Stations in the Skerne. 
June and September 1930 and February 1931 


nitrogen, at the times of the surveys, while Fig. 40 shows the biochemical oxygen de- 
mand, concentration of dissolved oxygen, and, for September 1930 and February 


1931, the ratio of the oxygen taken up in 30minutes at 100°C. from : KMn0Q, (alka- 


line solution) to the oxygen taken up in 4 hours at 80°F. from KMnO, (acid 
solution). At the time of the survey in June 1930 there was no overflow from the 
reservoir and the source of the Skerne was an effluent from the Trimdon area 
which was partly of sewage origin and partly industrial waste. 

Examination of Figure 39 shows that in June 1930 there were large concentra- 
tions of free and saline ammonia, nitrite and nitrate at the highest stations examined, 
Sk. 2 to Sk. 4. The concentration of free and saline ammonia decreased rapidly 
from 0-615 part per 100,000 at Sk. 2 to only a trace at Sk. 7, that is, in a distance of 
18-5 miles. Nitrites increased from Sk. 2 to Sk. 4 after which they diminished 
rapidly, and at Sk. 7 only a comparatively small concentration remained. Nitrates 
decreased rapidly below Sk. 2. The rapid loss of free and saline ammonia was 
not accompanied by a/corresponding production of nitrite and nitrate. 

It is clear that, in so far as inorganic nitrogenous substances afford an index 
of pollution, there was in June 1930 a rapid purification of the upper reaches of the 
Skerne from Sk. 2 to Sk. 7; the river practically recovered from considerable 
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TABLE 64—Results of Analyses of Water from the Skerne at Various Stations 
24th and 25th June, 1930 


Alkalinity Oxygen 
taken up 
Tempera- Sea's ee acids 
Station} G.M.T eure pH pe ed = a Sat ae ae 
roy CaCO, ; | NajCo, Las 
p.p. p-Pp. p.p. p-p. Pp-Pp. 
ee 100,000 100,000 | 100,000 | 100,000 100,000 
Sk. 24-1 p.m: 16-2 8-2 28-5 4-2 5:9 — — 
ok, 3 | 2.15 p.m. 17-3 8-3 23-5 4-2 6-0 0-41 — 
Sk. 4 | 3 p.m. 19-4 8-0 27-2 2-1 Gr 1 — ——s 
Sk. 5 | 4.20 p.m. 18-8 7:8 26-2, 1-1 9-2 — = 
eke 6) {5 p.m. 16-8 8-0 24°5 1-6 8-0 0°25 — 
Sku Ay | 7,00.a-m. 14-4 8-0 25-0 PD | 6-9 — —- 
Sk. 8 | 9.10 a.m. 14-6 8-0 26-7 2-1 6-6 0-18 — 
ok, 9 | 9.50 a.m. 15-3 7°9 27-7 1-1 ed — Ss 
Sk. 10 | 12 noon eaG:7 fi) 28-7 0:5 6°7 0-31 — 
ok..11>) 2.5 p.m. 17-6 ri 7 26-2 0 6:6 0-64 0-027 
Sk. 12 | 3.45 p.m. 17-0 7:3 30°5 0 7°2 0-59 0-012 


TABLE 65—Results of Analyses of Water from the Skerne at Various Stations 
29th September, 1930 





Oxygen Oxygen 
taken up | taken up 


Geary te Chloride Organic from acid from 
t P as chlorine |} nitrogen per- alkaline 
Station G.M.T. ee pH manganate per- 
(4 hours) | manganate 
(30 min.) 
p.p. p. p.P. p.p. 
iG. 100,000 100,000 100,000 100,000 
Sk. 3 10.30 a.m.| 11-1 7°5 2°5 0-24 0:59 2:2 
Sk. 5 12 noon 12-5 7:3 4-7 0-16 0-57 2-09 
Sees 1 p.m. 11-9 7°4 3°5 0-19 0-66 2°51 
SE. {7 2.50 p.m. 11-2 7°7 3°5 0-18 0-64 2-30 
Sk. 8 3.45 p.m. 11-5 7:8 2-6 0-25 0-71 2°45 
Sk. 10 4.30 p.m. 11-8 7°8 2°7 0-08 0-72 2°35 
Sk. 11 5.30 p.m. 11-3 7:7 2-8 0-08 0-77 2:46 
Sk. 12 5.30 p.m. 11-7 7:7 3:0 0-17 0-75 2:68 
D (Tees) 5.30 p.m. 10-9 7°5 r-9 0-12 0-87 2°32 


pollution in a distance of 18-5 miles. This conclusion is confirmed by Fig. 40 
which shows that the biochemical oxygen demand of the water had fallen from 0:28 
part per 100,000 at Sk. 3 to zero at Sk. 7. Some idea of the amount of organic 
pollution is given by the figures for the oxygen taken up from acid permanganate 
in 4 hours at 80°F. At Sk. 3a value of 0-41 part per 100,000 was obtained but 
at Sk. 8 the value was only 0-18; with the advent of fresh pollution from 
Darlington values of 0-64 and 0-59 part per 100,000 were found at Sk. 11 and at 
Sk. 12. After passing through Darlington the Skerne in June 1930 gave indications 
of fresh pollution. The concentrations of inorganic nitrogenous substances and 
the figure for biochemical oxygen demand increased while the concentration of 
dissolved oxygen decreased (Fig. 40). At Sk. 12 which was below the outlet of the 
Darlington sewage works the Skerne gave indication of severe pollution and in this 
condition it entered the Tees. At Sk. 11, just below the Black Bank chemical 
works, tar acids were detected in a concentration of 0-027 part per 100,000. 
These however disappeared rapidly and at Sk. 12 only 0-012 part per 100,000 
remained. No indication of the presence of tar acids was obtained in the Tees 
just below its confluence with the Skerne. 
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Fic. 40—Bztochemical Oxygen Demand, Concentration 
of Dissolved Oxygen, and Ratio of Oxygen taken 
up from Acid and from Alkaline Permanganate, 

at Various Stations in theSkerne. June and 
September 1930 and February 1931 


During the survey of September 1930 the source of the Skerne at Sk. 2 was 
mainly the overflow from the reservoir at Red Hurworth. Asa result very much 
smaller concentrations of inorganic nitrogenous substances were present than in 
June 1930. These concentrations tended to diminish towards Darlington and 
after this point the river again became polluted as a result of its passage through 
the town, though to a smaller extent than earlier in the year; at Sk. 12 appreciable 
concentrations of free and saline ammonia and nitrite were found in the water. 
The amount of organic pollution as shown by the oxygen taken up from acid per- 
manganate in 4 hours was greater in September, when values of 0:59 to 0:77 
part per 100,000 were obtained, than in June 1930. 


In February 1931 large concentrations of free and saline ammonia were 
obtained from Sk. 3 to Sk. 7; below Sk. 7 there was a rapid decrease to Sk. 10 where 
the lowest concentration was obtained. Nitrites, which were present in smaller 
concentrations than in June and September 1930, remained, practically constant 
from Sk. 3 to Sk. 12. The concentration of dissolved oxygen maintained a reason- 
ably high value. The biochemical oxygen demand was lowest at Stations Sk. 7 
to 10, after which it again increased with the pollution from Darlington. The 
figure for oxygen taken up from permanganate in 4 hours increased from 0-32 at 
Sk. 3 to 0-47 part per 100,000 at Sk. 7, after which it decreased to 0-35 part per 
100,000 at Sk. 10; asin June and September 1930, pollution from Darlington caused 
an increase and the values rose to 0-516 and 0-628 part per 100,000 at Stations 
Sk. 11 and 12 respectively. It has been shown earlier in this report (Chapter V) 
that the ratio of the oxygen taken up from alkaline permanganate in 30 minutes at 
100°C. to the oxygen taken up from acid permanganate in 4 hours at 80°F. gives 
some idea of the character of the organic matter present. In a water undergoing 
biological change a high ratio indicates the presence of undecomposed and complex 
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organic substances, while a lower figure means that a certain amount of decomposi- 
tion has occurred and has resulted in the replacement of some of the complex or- 
ganic substances by simpler compounds. Figure 40 gives the geographical re- 
lationship of these ratios for September 1930 and February 1931 and shows that 
while in September 1930 the ratio decreased as the water passed from Sk. 6 to 
Sk. 11 there was no regular decrease over any great distance in February 1931. 
This suggests that the rate of decomposition in the Skerne was greater in September 
1930 than in February 1931. 

Thus the Skerne is a good example of a river which is polluted near its source, 
recovers in the middle reaches and becomes badly polluted farther down. Although 
the pollution near the source was greater in June 1930 than in September the 
river purified itself more rapidly in June. In February 1931 the rate of recovery 
of the river was even slower than in the previous September. These differences 
in the rate of purification can be accounted for partly by differences in the tempera- 
ture of the water; in June 1930 the average temperature was 16-7°C., in September 
1930 it was 11-6°C., and in February 1931 it was only 4:5°C. This is in agreement 
with the results of the observations on the Tees. It should be emphasised, however, 
that the data for the Skerne are only for concentrations of constituents and not 
for total quantities passing definite points in unit time. It may be that part of 
the purification observed in June 1930 was really due to dilution by the numerous 
small streams entering the Skerne below Sk. 2. 


Comparison of the Skerne and the Tees 


It is of interest to compare some of the main chemical characteristics of the 
Skerne and the Tees. With the waters at normal summer level, the flow of the 
Skerne as it enters the Tees at Croft is about 10 million gallons per day or only about 
one-tenth of the flow of the Tees at the same place. The Skerne is markedly 
polluted for a few miles below Red Hurworth in its upper reaches and badly pol- 
luted below the outfall of the Darlington sewage works near Croft. Pollution in 
this stretch is such that in the summer months the waters of the Skerne at Croft 
may be devoid of dissolved oxygen. The Tees near its source is practically un- 
polluted and it is not seriously affected at any point above Croft where it receives 
the badly polluted waters of the Skerne. In the summer months polluting matter 
carried by the Skerne may reduce the concentration of dissolved oxygen in the 
water of the Tees by about 10 per cent. of the saturation value. 

Unlike the Skerne, the water of the Tees is usually yellowish brown in colour 
owing to the presence of peaty matter from the upland gathering grounds. Another 
marked difference is that the Skerne contains much larger concentrations of in- 
organic salts derived from the rocks. For example, a sample of water taken on 
20th August 1929 from the Skerne at Croft had a total hardness equivalent to 
35 parts of calcium carbonate per 100,000 and contained chloride equal to 10 parts 
of chlorine per 100,000; a sample taken on the same day from the Tees just above its 
junction with the Skerne had a total hardness of only about 6 parts per 100,000 
and the chloride, expressed as chlorine, was less than 0-5 part. The Skerne thus 
appreciably augments the concentration of mineral salts in the Tees at their con- 
fluence at Croft. 


FLORA OF THE SKERNE 
Macrophytic Vegetation 


The macrophytic vegetation of the Skerne is not unlike that of the chalk streams 
of the south and east of England, and, as usual, three types of vegetation can be 
distinguished, namely (a) non-silted, (b) partly silted, and (c) silted. As the 
stream had been cleaned out not long before the observations were made the volume 
of macrophytes was probably less than normal, especially in the muddy portions 
where the cleaning out would have more effect. 

The chief plants of the three types were those given in the following list. 
(a) Non-silted: Ranunculus fluitans (cd)* Potamogeton interruptus (cd), Fontinalis 
antipyretica (c), Sium angustifolium (r), Potamotegon crispus (r). (b) Partly silted : 
Scirpus lacustris (c), Potamogeton crispus (c), Sparganium simplex (c), Callitriche 
stagnalis (r), Potamogeton natans (r). (c) Silted (all vegetation rare): Elodea 
canadensis (c), Sparganium simplex (c), Callitriche stagnalis (c), Sparganium 


* The notation indicating the frequency of plants is as follows: a = abundant; c = common; 
Yr = rare; cd = co-dominant. 
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erectum (c), and alongside the banks in silted stretches Sparganium erectum (d), 
Phalaris arundinacea (c), and Scirpus lacustris (c). 

The only point worthy of comment is that the non-silted association was 
the same as that found in the Tees below Croft; this indicates that the natural 
composition of the water and not only the presence of sewage from the Skerne was a 
factor in deciding the advent of macrophytes below Croft. 


Microflora 

The algae of the Skerne may be divided into certain distinct communities 
which may be briefly referred to as (1) Cladophora, (2) Nitzschia hungarica (diatom) 
community, (3) Navicula viridula (diatom) community, (4) the encrusting algal 
community, and (5) the sewage fungus community. The distribution of these 
five communities in the Skerne at the time of the observations is shown diagramma- 
tically in Figure 41. 
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Fic. 41—Dzisiribution of the Flora in the River Skerne 


(1) Cladophora was abundant in the middle reaches of the Skerne in June 1930; 
its distribution in the Tees has been considered in Chapter LX. In the Skerne it 
was abundant in June 1930 from Stations Sk. 5 to Sk. 9 but was not present in 
September 1930 nor in February 1931. As in the Tees the presence of this com- 
munity was apparently associated with appreciable quantities of nitrate and com- 
paratively little complex organic matter. 

(2) Nitzschia hungarica (diatom) community. In June 1930 from Station 
Sk. 2 to Sk. 5 there was a community of diatoms peculiar to this stretch. The 
chief organisms were Nitzschia hungarica (a), Nitzschia palea (a), Rhoicosphenia 
curvata (a), Hantzschia amphioxys (c), Phormidium tenue (c) and Merismopedia 
punctata (r). This community was not observed again, either in September 1930 
or February 1931; this suggests that its presence in June 1930 was due to the com- 
position of the effluent from Trimdon, probably from the colliery. 

(3) Navicula viridula (diatom) community. This diatom community which 
was normally found in the Tees, was also present in the Skerne. It was abundant 
from Sk. 7 to Sk. 11 in June 1930 but only at Sk. 10 and Sk. 11 in September 1930. 
The presence of this community was presumably associated with slight pollution 
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and appreciable concentration of nitrate. The chief organisms were :—Cocconeis 
blacentula (a), Rhoicosphenia curvata (c), Navicula viridula (a), Nitzschia disstpata (c), 
Nitzschia palea (c), Gomphonema olivaceum (c), Navicula cryptocephala (c), and 
Synedra ulna (c). Rhotcosphenia curvata appeared always to be common in the 
Skerne though in the Tees it was only spasmodic and never dominant. As re- 
corded by Hustedt™ it has been found in both fresh and brackish water. It may be 
that the concentration of chloride in the Skerne was favourable to the development 
of this alga. Other forms associated with brackish water which occurred in the 
Skerne are Enteromorpha intestinalis and Potamogeton interruptus but it should be 
noted that these also grow in other places where the water is not brackish. 

(4) The encrusting algal community. The encrusting community in the Skerne 
was apparently dominated by Gongrosira incrustans, which was very common es- 
pecially in the middle reaches with the smallest quantities of organic matter. On 
glass slides left in the river the following occurred: Gongrosira incrustans, Stigeo- 
clonium farctum var. rivulare, Sphaerobotrys fluviatilis, Ulvella frequens, Chamae- 
siphon incrustans and Chamaestphonopsis regularis. This is a community generally 
comparable with that in the Tees well below Croft. It is of interest however 
because it extended its range considerably between June and September, 1930. 
In June 1930 it was abundant only from Sk. 5 to Sk. 7, whereas during September it 
was abundant from Sk. 3 to Sk. 7. This may have been due to the absence of 
colliery effluent in September and the smaller amounts of organic matter. 

(5) Sewage Fungus. The distribution of sewage fungus in the Skerne is dealt 
with in Chapter XII. It occurred in June and September 1930 in abundance only 
at Stations Sk. 11 and 12. At the higher stations it was rare or absent. It was not 
found there in February 1931, when the temperature was low so that the rate of 
decomposition of organic matter would be small and sewage fungus might be 
expected to be abundant. It thus seems that the conditions in the Skerne were not 
those normally occurring in a river with comparatively high concentrations of 
nitrate and organic matter. 


FAUNA OF THE SKERNE 


The fauna of the Skerne was examined in June and September 1930 and in 
February 1931. Collections were made only by means of a hand net so that the 
results have no quantitative significance. It is therefore possible to give only a 
general account of the animals of the stream; no attempt can be made to estimate 
the density of population or to follow the seasonal variations in the fauna. 

In June 1930 collections were made at eleven stations, Sk. 2 to Sk. 12, between 
Red Hurworth and the confluence of the Skerne with the Tees. In September 
1930 and February 1931 Stations Sk. 4 and Sk. 9 were omitted; the fauna at these 
two stations will not therefore be discussed, as it appears undesirable to base con- 
clusions on one collection. A list showing the distribution of the organisms at the 
other stations is given in Table 67. At Station Sk. 2 no animals were found in June 
and September 1930, but in February 1931 Chironomid larvae B and Tubificids 
were present in small numbers in the mud. At Station Sk. 3 the only organisms 
found in abundance were the larvae of Simulium ornatum, though Chironomid 
larvae A and Hydropsyche sp. larvae were fairly common and several other species 
occurred as isolated specimens. At Station Sk. 5 Hydropsyche sp. larvae, Baetis 
sp. larvae and Limnaea pereger were present in considerable numbers, and Chiro- 
nomid larvae were fairly common. At Station Sk. 6 Simulium ornatum larvae, 
Hydropsyche sp. larvae, Baetis sp. larvae, Gammarus pulex and Herpobdella octoculata 
were abundant and many other organisms were present, some commonly and others 
rarely; the richness ot the collections at this station was in marked contrast to the 
poverty of the stations further upstream. The fauna at Station Sk. 7 re- 
sembled in many ways that at Sk. 6, except that Simulium ornatum larvae and 
Herpobdella octoculata were not so common, while Hydroptila sp. larvae, Hydrobia 
genkinsi and Glossostphonia complanata, which were uncommon or absent upstream, 
were abundant. At Station Sk. 8 the fauna was of the same general type as at Sk. 6 
and Sk. 7 but differed in the absence of Baetis sp. larvae and in the great abundance 
of the larvae of Limnophilidae and Goerinidae while Gammarus pulex and Glosso- 
siphoma complanata were not so common. The fauna at Station Sk. 10 was as 
rich as at the preceding stations but rather different in composition. The abundant 
organisms were :—Hydropsyche sp. larvae, Gammarus pulex, Asellus aquaticus, 
Ancylastrum fluviatile, Hydrobia jenkinsi and Sphaerium corneum. At Station Sk. 
11 the fauna was poor the only very common organisms being Chironomid larvae A, 
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though Chironomid larvae B and Tubificids were present in moderate numbers. 
The only other organisms were isolated specimens of Limnaea pereger, leeches and 
Lumbricids. At Station Sk. 12, which is the same as Station E of the Tees survey, 
Chironomid larvae B and Tubificids were abundant, making up practically the entire 
fauna, the only other animals present being single specimens of the very tolerant 
Herpobdella octoculata. 


TABLE 67—Distribution of Fauna in the River Skerne 


cc = abundant; c = common; + = present in small numbers. 





Station DEi ey OKs On OK.D, Sk Gr Sky sae SK. ae, ok. 100 ok Lf. Ok. 12; 





PISCEs. 
Gasterosteus aculeatus + + 
DIPTERA. 
Chironomid 1.A. 
Chironomid 1.B. + 
Simulium ornatum 1. 
ms aureum 1. 
_ reptans 1. 
Tipulid larvae 
COLEOPTERA. 
Adults 
Larvae 
TRICHOPTERA. 
Hydropsyche sp.1. c cc 
Polycentropus sp. 1. 
Rhyacophila sp. |. 
Hydroptila sp. 1. 
Phryganea grandis |. 
Leptocerus sp. 1. 
Mystacides sp. 1. 
Limnophilid larvae cc 
Goerinid larvae Cc cc 
HEMIPTERA. 
Cortxa sp. + 
Corixid larvae 
MEGALOPTERA. 
Stalis flavilatera 1. + 
EPHEMEROPTERA. 
Ephemerella ignita |. c 
Baetis sp. 1. cc ce cc + 
CRUSTACEA. 
Gammarus pulex cc cc c cc 
Asellus aquaticus cc 
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Ancylastrum fluviatile ce 
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Hydrobia jenkinsi ce cc 

Sphaerium corneum + + cc 
HIRUDINEA. 

Herpobdella octoculata cc c cc c 

Helobdella stagnalis 

Glossosiphonia complanata ce Cc c 

Haemopsts sanguisuga -- 
OLIGOCHAETA. 

Lumbricidae 

Tubificidae + 
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Dendrocoelum lacteum + 
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The typical community of animals living in the Skerne must be deduced from 
the collections made in the purest parts of the river, i.e. at Stations Sk. 6, 7 and 8. 
The dominant organisms seem to be Hydropsyche sp. larvae, Hydroptila sp. larvae, 
Baetis sp. larvae, Gammarus pulex, Hydrobia jenkinsi, and Herpobdella octoculata. 
Differences between these three stations can be explained largely by differences in 
physical conditions. Thus the abundance of the larvae of Simulium ornatum at 
Station Sk. 6 is correlated with a more rapid current, and the absence of Baetis sp. 
larvae and the abundance of Limnophilid and Goerinid larvae at Station Sk. 8 
with the slow current and muddy bed of the river. It is surprising that the dif- 
ference between the gravelly bed of Stations Sk. 6 and 7 and the mud of Station Sk. 8 
produces so little difference in the fauna. It appears to be due to the fact that the 
animals at Station Sk. 8 do not live in the mud but on debris such as tin cans and 
brickbats and on weeds and stones. The barrenness of the mud was also noted at 


other stations, e.g. Sk. 3 and Sk. 11. 
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In view of the similarity of the communities at Stations Sk. 6, 7 and 8 with 
their differing physical conditions, it appears that the variations in the fauna at 
the other stations were largely due to pollution, and that the degree of variation was 
more or less proportional to the intensity of pollution as measured by chemical 
methods. Thusat Sk. 2, where pollution was severe, the organisms present were the 
pollutional forms, red Chironomids and Tubificids, similar to those which occurred at 
Sk. 12, where pollution of the same order was found. It may be observed that it 
was only at the time of the third series of observations that this similarity was noted. 
When the Skerne was first examined in June 1930 Sk. 2 was barren, and mud at 
this station had a distinct tarry odour. At Sk. 3, as the river improved, the number 
of species became larger though, except for Chironomid larvae A and Simulium 
ornatum larvae, none were abundant. The further improvement at Station Sk. 5 
was marked by the appearance of Hydropsyche sp. larvae, Baetis sp. larvae, and 
Limnaea pereger in large numbers, and at the next station recovery was sufficient 
to allow what may be considered the normal fauna of the Skerne to be established. 

Deterioration of the river at Sk. 10 immediately below Darlington was ap- 
parently not sufficient to impoverish the fauna. Its effect was seen chiefly in the 
diminution in numbers of Baetis and the presence of large numbers of Asellus 
aquaticus and Sphaerium corneum. Pollution was more severe at Sk. 11 and the 
fauna was much poorer ; some species e.g. Hydropsyche, Gammarus pulex and Hy- 
drobia jenkinst disappeared, and others, except Chironomid larvae and Tubificids, 
were present only as scattered specimens, chiefly of more tolerant forms such 
as leeches. At Sk. 12 the addition of Darlington sewage effluent practically exter- 
minated all organisms except Chironomid larvae B and Tubificids. 

The fauna of the Skerne even in its purest reaches was markedly different from 
that of the Tees. Thus Tanytarsus sp. larvae, Heptageniidae and Plecoptera, which 
were so important in the fauna of the Tees, were not found in the Skerne, while 
Polycentropus sp. larvae, which were very common in the main stream, were very 
rare in the Skerne. Another striking difference was that the most abundant species 
of Simulium in the Skerne was S. ornatum, with S. aureum as the next commonest. 
These species were not found in the Tees, and the common species in that river were 
either absent from the Skerne (S. monticola, S. variegatum and S. eguinum) or rare 
(S. reptans). Hydrobia jenkinst, which was exceedingly abundant in the Skerne, 
was very rare, if indeed it occurred at all, in the non-tidal Tees, and Gammarus pulex, 
which was common and widely distributed in the Skerne, was rare and localised 
in the Tees. 

It seems that these faunistic differences are a reflection of the chemical and 
physical differences between the two rivers, for the Skerne resembles chalk streams, 
such as the Lark®, and Itchen’®, more closely than it does the Tees in geology, 
chemistry and fauna. Similar differences have been found by Thienemann™ be- 
tween streams of low and high calcium content. 


Notes on the Fauna List (Table 68) 


Chironomid larvae A. The green chironomid larvae found in the Skerne were 
most abundant at Station Sk.11, common at Stations Sk. 3, 5 and 6, and least 
abundant at Sk. 7,8 and 10. It appears therefore that this organism flourishes best 
where there is some, though not severe, pollution. Whether this is due to the ab- 
sence of competition, owing to the effect on the less tolerant forms, or to some other 
factor, is unknown. It is not known whether this organism was the same as that 
listed as Chironomid larvae A from the Tees. 


Simulium ornatum, The larvae of this species were abundant at Stations Sk. 3 
and 6 where the current was fairly rapid. This was the commonest species in the 
Lark but was not found in the Tees. It may be noted that at Station Sk. 3 the 
water in which it was found was fairly heavily polluted. 


Limnophilid larvae. The larvae of caddis belonging to the family Limno- 

philidae were abundant at Station Sk.8 and common at Sk. 7. More than one species 

was present, but owing to the absence of information on the young stages of this 
group they have not been separated. 


Goerinid larvae. Although the family Goerinidae comprises only three genera, 
Lithax, Silo and Goera, and the textbooks'>'® give a key for separating the larvae, 
it was found that the distinctions were by no means clear, and that there were many 
border-line cases. As no breeding experiments were carried out, it was considered 
better to give a definite familial rather than a doubtful generic identification. 
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TABLE 68—List of Animals collected in the River Skerne 


VERTEBRATES 


PISCES 


Nemacheilus barbatula (Linn.). Stone Loach. 
Gasterosteus aculeatus Linn. Three-spined Stickleback. 


ARTHROPODA 


INSECTA 
DIPTERA 


Chironomid larvae indet. Midges. 
Simulium ornatum Meig. (larvae and pupae) \ Tete, lence 
s aureum Fries. (larvae and pupae) > Black ae 
veptans (Linn.) (pupae) J bs 
Tipulid larvae indet. Crane Fly. 


CoLEOPTERA. Beetles. 
Deronectes elegans (Panz.) (larvae and imagines). 
Agabus didymus (Oliv.) (larvae). 
Latelmis volkmari (Panz.) (larvae). 


TRICHOPTERA. Caddis Flies. 
Rhyacophila dorsalis (Curt.) 
sp. larvae. 
Hydroptila sp. larvae. 
Polycentropus sp. larvae. 
Hydropsyche instabilis (Curt.) 
sp. larvae. 
Phryganea grandis Linn. (larvae). Large Red Sedge. 
Leptocerus sp. pupae. Silverhorns. 
Mystacides sp. (larvae and pupae). Black Silverhorns. 
Limnophilid larvae and pupae indet. 
Goerinid larvae and pupae indet. 


MEGALOPTERA 


Sialis flavilatera (Linn.). Alder Fly. 
» sp. larvae. 


HEMIPTERA 
Corixa sp. indet. (larvae and imagines). Water Boatman. 


EPHEMEROPTERA 


Ephemerella sp. larvae. Blue Winged Olive. 
Baetis vernus Curt. Olive Dun. 
5, btoculatus (Linn.) Pale Watery Dun. 
5, rhodani (Pict.). Olive Dun. 
,, Sp. larvae. 


PLECOPTERA 
Leuctra fusciventris Steph. Willow Fly. 


CRUSTACEA 


PERACARIDA baetid ni 
Gammarus pulex (Linn.). Freshwater Shrimp. 
Asellus aquaticus (Linn.) Olivier. Water Log Louse 
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TABLE 68—continued 


MOLLUSCA 


GASTROPODA. Snails. 


Ancylastrum fluviatile (Mill). Freshwater Limpet. 
Limnaea pereger (Mill). 
At stagnalis (Linn.). 
Physa fontinalis (Linn.). 
Hydrobia (Paludestrina) jenkinst Smith. 


LAMELLIBRANCHIATA 
Sphaervum corneum (Linn.). Pea Shell. 


ANNELIDA 


HIRUDINEA. Leeches. 


Herpobdella octoculata (Linn.). 

Helobdella stagnalis (Linn.). 

Glossostphoma complanata (Linn.). 

Haemopsis sanguisuga (Linn.). Horse Leech. 


OLIGOCHAETA 


Lumbricidae undetermined. Earthworms. 
Tubificidae undetermined. 


PLATYHELMINTHES 


TRICLADIDA. Flatworms. 
Dendrocoelum lacteum (Mill.). 


PORIFERA 


SPONGILLIDAE 
Ephydatia fluviatilis (Linn.). Freshwater Sponge. 
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CHAPTER XX 


GENERAL SUMMARY AND CONCLUSIONS 


The non-tidal reach of the River Tees can conveniently be considered as two 
sections, the first from the source at Cross Fell to Croft Bridge, where it is joined by 
the Skerne, a distance of about 55 miles by river, and the second from Croft Bridge 
to Yarm, a distance of about 24 miles. These two sections are markedly different. 


Source to Croft. 


Above Croft the water was fairly soft, its hardness ranging from the equivalent 
of 5 to 10 parts of calcium carbonate per 100,000 ; normally it was slightly alkaline in 
character but at times of heavy flood it might be acid with moorland peaty water. 

From the source to Middleton-in-Teesdale, about 23 miles, the river is prac- 
tically unpolluted and chemical analysis showed little variation in composition. 
The concentration of free and saline ammonia was very small and nitrites and 
nitrates were found only occasionally and then in minute amounts. At all the 
stations examined in this region the same species of animals and plants were found 
though their numbers varied from place to place owing to differences in such physical 
conditions as current velocities and the nature of the river bed. Positions at which 
the current was swift and the river bed consisted of large stones and boulders 
yielded smaller collections than the quieter stretches, but the larvae of certain 
species of Szmulium occurred only in the stony places. 

Between Middleton-in-Teesdaleand Croft the effluents from several small sewage 
works were discharged into the river and at these positions definite chemical and 
biological evidence of pollution was obtained. For example at points immediately 
below the outfalls at Middleton-in-Teesdale, Cotherstone and Barnard Castle, 
chemical analysis revealed increased concentrations of substances associated with 
sewage and its decomposition products, and the bacterial counts as determined by 
growths on agar at 20°C. and 37°C. also increased. As the quantity of sewage 
effluent at each of these three places was relatively small and the dilution was 
large the effects were generally local, especially in summer, and the concentration 
of dissolved oxygen in the river water was not appreciably changed. 

At Middleton-in-Teesdale and above, there was in the summer a characteristic 
algal community dominated by certain species of Achnanthes and by Chaetopeltis 
megalocystis. Below Middleton-in-Teesdale a second community, characterised by 
Cocconers placentula and Chamaestphonopsis regularis, made its appearance. As this 
latter community was dominant only after sewage pollution had occurred, its 
growth is presumably connected with this factor. Downstream from Barnard Castle, 
as the effects of sewage pollution diminished, the Achnanthes-Chaetopeltis group 
reappeared. 

The fauna of the river above Croft included larvae of Chironomids, Tanytarsus, 
Polycentropus, Ephemeroptera, Plecoptera and Aneylastrum fluviatile, and its com- 
position showed no significant variation from place to place, although, as with the 
_ algae, the numbers of the various species tended to increase from the higher to the 

lower stretches. 


Croft to Yarm. 


At Croft the entry of the tributary river, the Skerne, caused a marked change 
in the chemical and biological characteristics of the Tees. The water of the Skerne 
was very hard, equivalent to 30 to 40 parts of calcium carbonate per 100,000, and 
was heavily polluted with sewage. Asa result the hardness of the Tees water 
was increased to 10 to 20 parts per 100,000 and there was an increase in the quantity 
of organic matter in solution and in suspension. This organic matter underwent 
decomposition and thereby reduced the quantity of dissolved oxygen by from 5 to 
20 per cent. of the saturation value; the actual reduction varied with the rate of 
decomposition and this in turn was dependent on temperature, increasing as the tem- 
perature rose. At the same time the decomposition of the organic matter from 
sewage caused increases in the concentration of such constituents of the water as 
free and saline ammonia, nitrite, nitrate and phosphate. It should be noted that 
although the river underwent a certain amount of self-purification from Croft to 
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Yarm it did not regain its original condition as observed above Middleton-in-Tees- 
dale, nor did it revert even to the conditions found between Middleton-in-Teesdale 
and Croft. The bacterial count was also much higher immediately below Croft, 
but decreased further downstream, though here again the condition of the un- 
polluted river was not attained. 

Flowering plants were present in large quantities at certain positions below 
Croft while they were practically absent further upstream and were seen only in small 
quantities in the Weel, a slow-flowing portion of the river above Cauldron Snout. 
Below Croft they occurred only in shallow stretches six inches to three feet deep and 
were not found in deeper water through which less light could penetrate. The 
occurrence of the flowering plants was apparently to some extent dependent on 
the presence of suitable nutritive substances derived from the Skerne, while the dis- 
tribution of the species varied with the nature and amount of silt deposited. These 
weeds were indirectly responsible for the presence below Croft of the larvae of 
two species of Simulium, S. equinum and S. reptans var. galeratum, and silt which 
collected under and at the downstream end of the weeds at Low Middleton 
provided a suitable habitat for the burrowing animals Chironomid larvae B, 
Sphaerium corneum and Tubificid worms. 

With regard to the microflora of the Tees the effect of the Skerne was 
to produce an increase in the number of organisms and a marked change in 
the nature of the communities. The Achnanthes-Chaetopeltts community charac- 
teristic of the least polluted sections almost disappeared immediately below the 
junction of the Skerne but recovered slowly lower down, while the Cladophora, 
Navicula viridula and Cocconeis groups, which in the upper river were abundant 
only near sewage outfalls, showed a great increase at all stations below Croft. 
Abundance of Cladophora has been shown to be due in some way to pollution, and 
not to the greater hardness of the water. It was found above Croft only where 
there was sewage pollution. Cladophora growing on stones at Eryholme and Low 
Middleton died when the stones were transferred to High Force where the water was 
unpolluted, but continued to grow, though not rapidly, in the Balder below Cother- 
stone sewage outfall and in the Tees immediately below Barnard Castle. Another 
organism, Sphaerotilus natans, which is clearly connected with sewage pollution, 
occurred in the upper river in small quantities in the immediate vicinity of 
polluting discharges. It was plentiful in the heavily polluted parts of the Skerne 
and was common in the Tees immediately below Croft but rare further downstream. 

With the increase in the number of plants below Croft there was also a marked 
increase in the total number of animals. The effect of the Skerne on the composition 
of the fauna however was considerable only at Croft, where there was a great 
reduction in the numbers of some of the species present in the upper river, e.g. 
the larvae of Tanytarsus, Polycentropus, Ecdyonurus and Rithrogena, and large 
numbers of Asellus aquaticus, Limnaea pereger and the leeches Herpobdella and 
Helobdella appeared. Six hundred yards below the mouth of the Skerne clean 
water organisms reappeared in fair numbers while other organisms, with the excep- 
tion of Herpobdella, were fewer. It seems probable that the comparative scarcity of 
the Tanytarsus group and the abundance of the Limnaea group at Croft were the 
result of the pollution of the Tees by the Skerne. 

In attempts to determine seasonal changes in the chemistry and biology of | 
the Tees, the effects of changes in rates of flow have to be considered. Flood water 
reduces the concentration of certain chemical substances and frequently washes 
away large numbers of plants and animals which normally live on the river bed. 
In the chemical work the results were calculated as quantities of individual con- 
stituents passing certain positions in unit time, the quantities being derived from 
concentrations of constituents and volumes of water so that comparative figures 
were obtained. 


The quantities of different mineral salts in the unpolluted river water showed no 
definite seasonal changes and the concentrations in which they occurred accordingly 
decreased as the volume of water in the river increased. Where the river had 
received sewage or sewage effluents there were seasonal changes in the rate of decom- 
position of the polluting organic matter, which was most rapid during the 
hot summer months. Rapid decomposition resulted in increased amounts of 
free and saline ammonia, nitrite and nitrate and a lowering of the dissolved oxygen 
concentration in positions just below the sewage outfall and self-purification of 
the river took place in a relatively short distance. Thus all the stages of the 
decomposition of sewage occurred at Croft during the summer. In autumn, the 
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first stage was observed at Croft but later stages took place further downstream. 
During the coldest weather the first stage of decomposition was still in progress 
15 miles below Croft and self-purification was far from complete even at Yarm, 
9 miles farther down. The numbers of bacteria in the water also showed marked 
Suton changes, being much higher during summer than in the cold winter 
months. 

With the object of ascertaining the effects of daylight on the rate of self- 
purification of the river from pollution by sewage, several series of samples of 
river water collected at hourly intervals during the day and night were examined 
chemically and bacteriologically. The results indicated that there were diurnal 
variations in the rate of decomposition as shown by concentrations of free and saline 
ammonia, nitrite and nitrate and by bacterial counts. 

In addition to the chemical and bacteriological examination of samples of 
water taken from the river, the decomposition of sewage diluted with unpolluted 
river water was studied under controlled conditions in the laboratory. Of the 
various factors examined, temperature had the greatest effect, the rate of de- 
composition increasing rapidly as the temperature was raised from about 10° to 
20°C. In these experiments the principal stages of purification were definitely 
recognised. In the first stage there was an increase in the bacterial count and in 
the concentration of free and saline ammonia, and a reduction in the concentrations 
of organic carbon and organic nitrogen. This stage was followed by the production 
of nitrite and a decrease in the number of bacteria. Finally the organic matter was 
oxidised to carbon dioxide and nitrate. These experiments thus gave results in 
general agreement with those obtained from the examination of samples of river 
water collected at different times of the year from various positions from Croft to 
Yarm. Other experiments in the laboratory indicated that purification of river 
water polluted with sewage proceeded more rapidly when the water was periodically 
exposed to light than either with continuous exposure or in the absence of light. 

The growth of the sewage fungus, Sphaerotilus natans var. cladothrix can be 
correlated with the extent of pollution by sewage and the rate of self-purification 
of the river water. This fungus was abundant throughout the year in the Skerne. 
At Croft it was present at all times, though it was rare in June, July and August 
when decomposition of sewage was most rapid. At the lower stations it was com- 
mon from October to March, and rare or absent during the rest of the year. 

Marked seasonal changes were shown by the algae of the river bed. From 
November to mid-March these algae were present only as occasional specimens, 
while from mid-March to October they were very numerous. Above Middleton- 
in-Teesdale the dominant Achnanthes-Chaetopeltis community was abundant 
throughout the summer and within this period showed no definite variations in 
amount. In those stretches subject to sewage pollution, where as a result the con- 
centration of nitrogenous matter varied, there were marked seasonal changes in 
the algae. During April and May and at the end of September, when the ratio of 
nitrate to phosphate in the river water was high, the quantities of the Navicula 
viridula community were relatively great. At the end of May the spring growths 
were replaced by the Cocconeis-Chamaesiphonopsis community, which persisted 
in varying quantities until the middle of October. The algae of the plankton showed 
a seasonal periodicity similar to that of the algae of the river bed, from which they 


- are in the main derived. Cyclotella meneghiniana, which was rare on the river bed, 


occurred floating in the water at the lower stations in great abundance during 
the period July to October. 

A pronounced seasonal periodicity was shown by Cladophora glomerata, 
particularly below Croft. This filamentous alga first appeared at the end of May, 
and under certain conditions it grew so rapidly that within a fortnight it fully 
occupied all the shallows of the river below Croft. It did not remain long for it 
was practically all washed away by the first flood in July and no further develop- 
ment took place until the following year. Its period of abundance coincided with 
the time when the decomposition of sewage was rapid and its first appearance 
was generally at those positions where the sewage in the river water was in the last 
stages of decomposition. These heavy growths of Cladophora caused large diurnal 
variations in the dissolved oxygen content of the water. 


In general the number of animals in the Tees was greatest between the 
months of April and July. No significant seasonal variation was observed in animals 
other than insect larvae, probably owing to the small numbers in which they 
occurred for it is unlikely that they breed at the same rate throughout the year. 
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The numbers of insect larvae in the river showed seasonal variations which in many 
cases appeared to be inherent in the particular species and which, so far, cannot 
be related to external factors. For example, the larvae of Nephelopteryx nebulosa 
occurred only in the winter when the food supply was least abundant, and became 
adult and laid their eggs in March, before the annual increase in algae, which form 
the food of these animals, set in. This organism appeared to spend the whole of 
the summer, when food was most plentiful, in the egg state. Similarly the larvae of 
Amphinemura, Chloroperla and Riithrogena decreased suddenly in numbers at the 
end of May when they attained the winged stage, although at this time of the year 
the food supply was at a maximum. 

Chironomid larvae of the family Orthocladiariae were most abundant in the 
spring at the same time as the great increase in the diatoms on which they feed. 
The larvae of Ephemerella sp., Polycentropus sp. and Leuctra sp. occurred in great 
numbers at the time of increase of the summer algae. Certain larvae, e.g. Poly- 
centropus, Khyacophila and Agapetus, were present throughout the year but their 
numbers were much smaller in the months November to March than in the summer ; 
their numerical variation is probably accounted for by changes in the algae on 
which they feed. 

At Eryholme the fauna normally consisted of Tubificids and Chironomid larvae 
B., but when Cladophora appeared it was colonised by Chironomid larvae A., Caenis 
sp. larvae and Leuctra sp. larvae, and these all disappeared with the washing away of 
the Cladophora. During its growth this alga collected silt, which persisted for a time 
after the Cladophora had disappeared and was inhabited by Chironomid larvae B. 
and Tubificids in great numbers. There was, therefore, a marked seasonal periodi- 
city in the number of animals at this station which was clearly due to the seasonal 
appearance of Cladophora. 

The importance of insect larvae in the fauna of the river as a food for fish was 
recognised from the beginning of the investigation. A detailed survey of the larvae 
was, however, not possible owing to the unsatisfactory state of present knowledge 
of their life histories and particularly of the exact species of insect to which each 
larva belonged. The survey has emphasised the desirability of a comprehensive 
special investigation of this subject. 


Experiments in the laboratory showed that undiluted fresh domestic sewage — 
was toxic to trout and that as the sewage was diluted with clean water the toxicity 
decreased, provided the mixture contained a sufficient quantity of dissolved oxygen. 
In a 10 per cent. mixture of fresh sewage and tap water, in which the concentration 
of oxygen was artificially maintained at over 70 per cent. of the saturation value, 
trout were unharmed after exposure for six days. If sewage was allowed to de- 
compose under anaerobic conditions for about three weeks it became very poisonous 
even after dilution with nine times its volume of water, owing mainly to the pro- 
duction of hydrogen sulphide. The amount of sewage in the Tees does not, even at 
low water, exceed 10 per cent. of the volume of river water, and no evidence of 
anaerobic decomposition was found. It appears unlikely, therefore, that there was 
sufficient sewage, even at Croft, to be directly harmful to trout. Possibly the silt 
deposited in the river at Croft prevented the spawning of Salmonidae in this region, 
but it has been found that trout are almost indiscriminately carnivorous and that 
the change in the fauna resulting from the pollution in the non-tidal reach of the . 
Tees is not such as to diminish the food supply. The Skerne near Croft, however, 
was too badly polluted to support fish; on occasions it contained no dissolved 
oxygen. 
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APPENDIX A 


USED"IN: THE SURVEY 








CHEMICAL 


Reference to description of method 


EXAMINATION 


Remarks 





Determination Method 
pH value Colorimetric 
Colour Tintometer, with plati- 
num - cobalt — stan- 
dards. 
Turbidity Platinum wire method 
Temporary hardness | Titration with Md 


Total hardness 
Chloride 


Suspended matter 


Solids in solution 
Phosphate 


Silicates 
Sulphate 


Calcium and Mag- 
nesium. 
Sulphides 


Organic nitrogen 


Free armmonia 


Albuminoid 
monia 
Nitrite 


am- 


Nitrate 


Dissolved oxygen 

’ absorbed in 5 days 
at 18-3°C. 

Dissolved oxygen 


Oxygen absorbed 


from sy erman- 
r 30 P x 


ganate in acid 
solution in 4 hours 
at 80° F. 


H,SO,, using phenol- 
phthalein and methyl 
orange. 


Soap solution 
Volumetric with silver 
nitrate solution. 


Denigés method as 
modified by Floren- 
tin and by Atkins. 


Diénert and Wanden- 
bulcke. 

Gravimetric with bari- 
um chloride _ solu- 
tion. 

Volumetric 


Kjeldahl, without re- 
duction. 


Distillation 


Griess-llosvay 


Copper-zine couple 


Winkler method with 
Rideal-Stewart modi- 
fication. 


W. M. Crark. 


do. 
fash Grail meshes dap it « 





Burgess, 


. MINISTRY OF HEALTH. 


Determination of 
Hydrogen Ions. Bailliére, Tindall 
& Cox, London, 1928. 


Standard Methods for the Examina- 


tion of Water and Sewage. 6th 
edition. American Public Health 
Association, New York, 1925. 

do. 

Beale, and 
E. V. Suckling. Examination of 
Waters and Water Supplies. 4th 
edition. Ja neorwAs. (Chargehil 
London, 1933. 


do. do. 
do. do. 
do. do. 
do. do. 
do. do. 
do. do. 


Analyst, 1907, 208 


Treadwell, F. P., and Hall, W. T. 


Analytical Chemistry. 7th 
edition. John Wiley & Sons, 
New York, 1930. 

Methods of 
Chemical Analysis as applied to 
Sewage and Sewage Effluents. 
H.M. Stationery Office, London, 
1929: 


do. do. 
do. do. 
do. do. 
do. do. 
do. do. 
do, do. 
do. do. 








Direct 


In some cases where the 


river water was coloured 
with peat Bismarck 
brown was added to the 
standard to give an 
approximate match, 


During 1929-30, water 


decolorised by copper 
sulphate and alkali, 
filtered, and free am- 
monia estimated by 
direct Nesslerisation, 


With modification for 


effect of temperature. 
Nesslerisation. 
A blank on the same 
quantity of sample 
supplied the deduction 
necessary for free am- 
monia. Nitrites also 
deducted. 


See Appendix B. 
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Determination Method Reference to description of method Remarks 








Oxygen absorbed Jounson, H. Analyst, 1927, 52,130 | Modified :—After oxida- 
i tion, total sample 


from “g perman- partly cooled, acidified 


ganate in alkaline with dilute sulphuric 
solution in 30 acid (20 per cent. solu- 
min. at 100°C. tion), cooled, 5 per 


cent. potassium iodide 
solution added, mix- 
ture diluted to 500 ml. ; 
100 ml. titrated. ee 
Appendix B. 

Organic carbon Wet combustion Mirus, BH. Vio Ss. Soc. Chem: ind. 
Lond., 1932, 51, 205 and 3757. 
Tar acids Fox, J: J:, and GaucE, A. J. H. ; 
Soc. Chem. Ind., Lond., 1922, 41, 
Loa 














BACTERIOLOGICAL 
Detection of Bacillus coli 


100, 50, 20, 10, 1, 0-1 and 0-01 ml. samples are inoculated into McConkey 
broth (lactose-peptone-bile salt-litmus, tap water) for 48 hours at 37°C, then sub- 
cultured into neutral-red-bile salt-lactose-agar and incubated for 24 hours at 37°C. 
A typical red colony from this is seeded into 0-5 per cent. saline solution and then 
into (1) peptone water (2) lactose gelatine. Production of acid and gas in the 
McConkey broth followed by the formation of indole in the peptone water and acid 
and gas in the lactose gelatine show the presence of bacteria of the colon type. 
Reported present in or ‘absent from 100, 50, 20, 10, 1-0, 0-1 or 0-01 ml. sample. 


Cold Count 


Counts of bacteria growing at 20°C. were made at first on gelatin but as a great 
many liquefiers, which made quantitative work impossible, were encountered, it 
was decided to substitute agar for the gelatin. These counts were made by the 
petri-dish method during the first year of the survey but subsequently the roll-tube 
method (G. S. Witson, J. Bact., 1922, 7, 405) was employed as more accurate 
determinations of the numbers of bacteria present could be obtained by this method. 


Hot Count 
Counts of bacteria growing on agar at 37°C. were made; the methods employed 
were as described for the counts at 20°C. 


Total Count ‘ 
This count was made on a Helber slide, after the living bacteria in the sample 

had been formolised, to give the total number of both living and dead organisms. 

Details of the method are given in the paper by Dr. G. S. Wilson already quoted. 


Seal 
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APPENDIX B 


THE OXIDATION OF PURE SUBSTANCES BY PERMANGANATE IN ACID 
AND IN ALKALINE SOLUTION 


In the course of the survey of the Tees, determinations of the oxygen con- 
sumed by the organic matter in the river water were made by two methods (a) 4 


hours at 80°F. from KMn0O, in acid solution and (0) 30 mins. at 100°C. from 2 


KMn0O, in alkaline solution. It was observed that the relationship between the 
results obtained varied according to the season of the year. The following experi- 
ments were undertaken to ascertain whether the varying relationship could be 
accounted for by alteration in the type of the organic constituents of the water. 

Care was taken that the test substances were pure, the criterion being their 
melting or boiling points, but where substances for which no specific criteria exist, 
such as peptone, were used, only an indication of their susceptibility to oxidation 
can be given. Solutions of the test substances in distilled water were prepared such 
that about 2 parts of oxygen would be used up by 100,000 parts of the solution ; 
this value was calculated from the amount of oxygen necessary to oxidise the car- 
bon and hydrogen present in the molecule to carbon dioxide and water after making 
due allowance for any oxygen already contained in the molecule. 

Some of the results of the oxidation of aliphatic compounds containing only 
carbon, hydrogen and oxygen are given in Table 69. 


TABLE 69—Oxygen Requirements of Various Substances 


Oxygen 
Concentra- | required | 30 mins. O,| Percentage | 4 hours O, | Percentage Ratio: 
Substance tion of for (alkaline of (acid (C) ob 30 min. O, 
solution theoretical | solution) | theoretical | sclution) | theoretical | 4 pours O. 
oxidation ts 
p.p- 100,000 | p.p. 100,000 | p.p. 109,000 p.p. 100,000 
Sucrose 1-87 2-09 1:8 85:1 0-011 0-5 164 
Dulcitol 1-89 2AZ 2:07 95-4 0-016 0-7 129 
Glucose 1-87 2-0 1-88 94 0-03 1:5 62:6 
Lactic acid 1-87 1199 1-65 83 0-183 972, 9-0 
Pyruvic acid 1-83 1-66 1-42 85-5 0-542 32°6 2:6 
Malic acid 2:09 1-50 1-12 74:6 0-618 41-2 1:8 
Oxalic acid 2Aq. 15-69 1-99 PASS, 110-0 2-06 103 kel 









































The results included in Table 69 show that oxidation by permanganate is more 


complete in alkaline solution at 100°C. than in acid solution at 80°F. Further, 
while there is but little variation in the degree of oxidation of different substances 
in alkaline solution, in acid solution it varies to a great extent, from low values for 
the sugars to increasingly high values for the acids. Thus the ratio of the oxygen 
consumed by the alkaline method to that consumed by the acid method is found to 


be higher with a sugar than with its simple decomposition products. 


TABLE 70—Oxygen Requirements of Various Substances 





























Oxygen 
Concentra- | required | 30 mins. O, | Percentage | 4 hours O, | Percentage Ratio : 
Substance tion of for (alkaline of (acid of 30 min. O, 
solution theoretical | solution) theoretical | solution) | theoretical | pours Oo. 
oxidation 2 
p-p. 100,000 | p.p. 100,000 | p.p. 100,000 p.p. 100,000 
Gelatine 1-387 Approx.2:5 1-06 42-4 0-023 0-9 46-1 
Peptone 1-387 % 2°5 1-25 50-0 0-027 1-08 ce 
Alanine 1-855 2-5 1-93 77-2 0-01 0-4 193 
Glycine or $i 2-34 2-25 1-72 76-5 0-02 0-9 86 
Aspartic acid (HCl) 2-76 1-95 1-52 77-9 0-044 2-3 34-5 
Glutamic acid (HCl) 0-88 0-81. 0-61 75°3 0-032 4-0 194 
Tryptophane 1-16 2-36 2-0 84-7 1-26 53-4 1-6 
Indole < 0-915 2-44 2:0 82-0 1:3 53°3 1-5 
a a SL Se LL a, Le aaa i SP eee ae aaa Lae RT LTR WEG” > Pann LLNIS TAT UNP GINRIET NRT aR 
a 15819 0 


188 SURVEY OF THE RIVER TEES—NON-TIDAL REACHES 


Table 70 gives the results obtained with proteins and amino-acids which 
Fischer and his co-workers have shown in the case of the optically active forms 
to be related to the substances given in Table 69 according to the following scheme:— 


d-glucose 


d-tartaric acid 





d-lactic acid<-———d-glycine <-——d-serine 
l-lactic acid~ l-cysteine< l-serine 
l-alanine 


It is probable that the specimens of gelatine and peptone were impure and that 
a certain amount of decomposition, resulting in the production of simple end- 
products, had taken place and lowered the ratio of the alkaline to the acid oxidation. 
A solution of peptone in distilled water gave a ratio of 46-3 when freshly prepared 
but when the solution was kept overnight it developed an offensive odour and the 
ratio decreased to 21-1. Little significance can be attached to the degree or extent 
of the theoretical oxidation of proteins since the structure and weight of the molecule 
is problematical. for the purpose of this calculation the protein molecule was 
taken tobe Grose: Hayoa Naga Dao? 

With the replacement of the methyl group in alanine by hydrogen, as in glycine, 
the ratio of the alkaline to the acid oxidation was lowered. Aspartic and glutamic 
acids gave a still lower ratio. Products of putrefaction, such as tryptophane and 
indole, gave over 50 per cent. of the theoretical oxidation in acid solution and 
consequently the ‘alkaline-acid’ ratios are very small, 1-6 for tryptophane and 
1-5 for indole. 

If alanine and aspartic acid be compared with lactic and malic acids it is seen 
that replacement of the amino by a hydroxyl group raises the acid oxidation figure 
and so lowers the ratio of the alkaline to the acid oxidation. The reductions of 
the ratio (21 and 19 times) are about the same in the two cases. 


Alanine, ratio 193 Aspartic acid, ratio 34:5 
yy CH,COOH 
CH, — C — NH, H — C — NH, 
COOH \cooH 
Lactic acid, ratio 9 Malic acid, ratio 1°8 
El ae CH,COOH 
bi ye i: 
CH, — C — OH H — C — OH 
\cooH \cooH 


Alanine and lactic acid also have higher ratios than those given by aspartic 
acid and malic acid respectively. The differences may possibly be due to the re- 
placement of the methyl group in alanine and lactic acids by hydrogen in aspartic — 
and malic acids, but the presence of the additional group CH,COOH in the latter 
compounds makes direct comparison with alanine and lactic acid impossible. 

Aliphatic acids containing carbon, hydrogen and oxygen, which gave lower 
alkaline-acid ratios than amino-acids, can be regarded as decomposition products 
of amino-acids, since aerobic bacteria oxidise a-amino-acids to fatty acids containing 
one carbon atom less, carbon dioxide and ammonia being set free‘), 


Summary 


aa ie N 
Without exception a more complete oxidation was effected by 3 permanganate 


in alkaline solution than by permanganate in acid solution. Allowing for ex- 


perimental error the oxidation in alkaline solution was almost complete but in acid 
solution the degree of oxidation varied with the type of substance examined, being 
small with undecomposed and complex bodies and larger with their decomposition 
products both non-nitrogenous and nitrogenous. Schmidt, R.“ working on the 
oxygen demand, from permanganate in acid solution, of 28 nitrogenous substances 
found that albumen with its large and complicated molecule is not nearly so readily 
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oxidised as a simple substance especially if the simple substance contains double 


bonds. 


It is thought that the above experiments and views have a bearing on the ratio 
of the ‘ 30 mins. O,’ and the ‘4 hrs. O,’ tests when they are carried out on river 
water and considered in geographical or seasonal aspects. Thus, in a series, a 
high ratio broadly indicates the presence of undecomposed organic substances 
while a low ratio implies that a certain amount of decomposition, resulting in the 
formation of simpler compounds, has taken place. 

This ratio was used during the survey of the River Tees; it was found to be 
high in the winter, when, as was shown by other tests, the rate of decomposition 
of organic matter was slow, and low during the summer when decomposition was 
rapid. A somewhat similar ratio was used for water of the River Elbe’). In this 
case the ‘ chlorine demand ’ replaced the oxidation in alkaline solution so that the 


ratio was ee It was found that at times of high temperature the ratio 
iS. 2 


was low but at times of frost when there was little biological purification it was high. 
It was also found that a flood altered both figures to the same extent so that their 
ratio was unaffected. 


q 
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